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(57) Abstract 



A thin, large, high-definition television screen employs optica! waveguides. Light (32) flows through waveguides (28) ar- 
ranged, in parallel, across a substrate (64). Light from a source (44) is coupled into the waveguides using a Graded Index (GRIN) 
microlens array (56). Taps (37) direct light out and make it visible at different locations along the length of the waveguides. Long 
interaction length (8) taps with deflectors (10) are introduced which enable many waveguides to be placed side-by-side and still 
maintain high screen resolutions. Polymers, both electro-optic and non -electro-optic, are used in one embodiment as a waveguide 
building material. However, acousto-optic, thermo-optic (86) and magneto-optic effects may also be used with other materials 
such as glass and silicon dioxide. This display can be economically produced by forming a flexible waveguide ribbon (62) which 
integrates multiple waveguides (1), intensity modulators (40) and taps (38) into a single unit. Waveguide manufacturing tech- 
niques based on thermo-poling, photolocking, extruding, preform fiber-drawing, and laser milling are also discussed. 



BNSDOCID: <WO 9309450A1J.> 



FOR THE PVRPOSES OF INFORMATION ONLY 

Codes us«. .o ulentify Slates pany »o .he PCT on .he fron. .mg^ of pan,phle.5 publishing in.er„a..ona. 
applications under the PCT. 



AT Austria 

AU Australia 

BB BarbuJus 

BE Belgium 

BF Burkina FaM> 

BC Bulgari:i 

BJ BuDin 

BR Bra/il 

CA C:anail;i 

CF CVmral African Kirpublic 

CC Congo 

CH Swiucrlaml 

CI C'fltc d'lvoirc 

CM faniiircMin 

CS CVirclioblovaku 

CZ CVccti Kc)iublit. 

DC Cicrman> 

OK Den murk 

ES Spain 

Fl FinlauU 



FR Hrancv 

CA Gabon 

GB United Kingdom 

CN Guinea 

CR Greece 

HU Hungary 

IE Ireland 

IT llaly 

JP Jjpjin 

KP IJenicicraiic People'^ Republic 

uf Korea 

KK Republic of Korea 

KZ K:iAaUi2»tun 

I.I iJecblenslein 

LK Sri I .inLa 

|,U lotvciubcuirg 

MC Muuaco 

MC MadagOMSir 

Ml. Mali 

MN Mongolia 



MR 


Mauritania 


MW 


Malawi 


NL 


Nclhcrbiida 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Runuinia 


RU 


Russian Fedcraliun 


SO 


Sudan 


SE 


Sweden 


SK 


Slovak Republic 


SN 


Senegal 


su 


Soviet Union 


TD 


Child 


TC 


T««go 


IJA 


Ukraine 


US 


United SiaU» America 


VN 


Viet Nam 



BNSDOCID- <WO_9309450A1 _!_> 



wo 93/09450 



PCT/US91/08I09 



1/25 




60 



H 



61 



HG. 1 





HG.3 



93094S0A1 I > 



SUBSTITUTE SHEET 



wo 93/09450 



PCT/US91/08109 



2/25 




HQS 



BNSDOCID: <WO g309450Al I > 



SUBSTITUTE SHEET 



wo 93/09450 



PCT/US91/08109 



3/25 




BNSOOCID: <WO_9309450A1_I_> 



SUBSTITUTE SHEET 



wo 93/09450 



PCT/US9 1/081 09 



4/25 




nG.9 



SUBSTITUTE SHEET 

BNSDOCID: <WO_03094S0Al_L> 



wo 93/09450 



PCr/US91/08109 



5/25 




FIG. 1 lA HG. 1 IB HG. 1 IC 



BNSDCX^IO: <WO_9309450A1_I_> 



SUBSTrrUTE SHEET 



wo 93/09450 



PCr/US91/08109 



6/25 




HG. 13 



BNSCXXID: <WO_^9a094S0A1_l_> 



SUBSTrrUTE SHEET 



wo 93/09450 



PCT/US91/08109 



7/25 




BNSDOCID: <WO_ g30945OA1 I > 



SUBSTITUTE SHEET 



wo 93/09450 



PCr/US91/08109 




BNSOOCID: <WO_930945(»A1.I_> 



SUBSTITUTE SHEET 



wo 93/09450 



PCr/US91/08109 



9/25 




■s^^^■s^■s^^s^s^^^^A^^^^ssssssssssssmsl 



1 



I 1 






105 
16 

18 

96 
98 



9309450A1J_> 



SUBSTITUTE SHEET 



wo 93/09450 



PCT/IJS91/08109 



10/25 




HG. 18 FIG. 19 



BNSOOCiD: <WO_9309450A1 J > 



SUBSTfTUTE SHEET 



wo 93/09450 



PCT/US91/08109 





FIG. 20A HG. 20B 

SUBSTITUTE SHEET 

BNSDOCfD: <WO 9309450A1 I > 



wo 93/09450 



PCT/US91/08109 



12/25 



ti t It t n It It 



178 
176 
172 
170 




HG. 21A 



■t 1 1 1 1 1 1 1 1 1 1 1 



17B 
17D 
170 
170 
14 



3 

178 
174 
176 
22 



HG. 21B 

1 1 1 1 1 tttittt 



HG.22A 



3 
178 
170 
22 
174 

14 



•I 1 1 1 1 1 1 ttttl 





TO 










TO 


TO 








TO 



























FIG.22B 
SUBSTITUTE SHEET 



15 
176 

22 
14 



15 
176 

172 

22 

176 




15 
174 
172 
14 



15 
176 

172 

176 



BNSDOCID-<WO frvWASnAl I > 



wo 93/09450 



PCT/US91/08109 



13/25 




HG.23 



BNSOCXIO: <WO 93094SQA1 \ > 



SUBSTITUTE SHEET 



wo 93/09450 



PCT/IJS91/08109 



14/25 

-* 

? 




BNSDOCID: <WO 93094S0A1.L> 



SUBSTITUTE SHEET 



wo 93/09450 



PCT/US9 1/08 109 



15/25 




III 



■1 11 11 11 11 11 11 11 1 




\ 




166 
94 



182 
156 



V~ 



-i — r 

' 136 135/134/133 / 56 194 



142 140 52 



HG.25 



BNSOCX:iD: <WO_9309450A1_I.> 



SUBSTITUTE SHEET 



wo 93/09450 



16/25 



PCT/US9 1/081 09 



202 

200 




HG.26B 
SUBSTITUTE SHEET 



BNSOOCID: <WO. 9309450A1 I > 



wo 93/09450 



PCr/US9 1/08 109 



17/25 




HG.27B 
SUBSTITUTE SHEET 

BNSDOCID: <WO_9309450A1_I_> 



wo 93/09450 



PCr/US91/08109 




242 




HG.29 
SUBSTTTUTE SHEET 



BNSOCX:iD: <WO 930945QA1 I > 



wo 93/09450 



PCT/US91/08109 



19/25 




HG.30 



d309450Al I > 



SUBSTITUTE SHEET 



wo 93/09450 



PCT/US91/08109 



20/25 



248 




BNSOOCID: <WO 03O945OA1 I > 



SUBSTITUTE SHEET 



wo 93/09450 



PCT/US91/08109 



21/25 



260 




BNSOCX:iO: <WO_ 93094S0A1.I > 



HQ 34 
SUBSTITUTE SHEET 



wo 93/09450 



PCr/US91/08109 



22/25 



248 




BNSDOCI0:<WO 9309450A1 I > 



HQ 36 
SUBSTITUTE SHEET 



wo 93/09450 



PCr/US9 1/081 09 



23/25 



248 




SUBSTTTUTE SHEET 

BNS0OCID:<WO 83094S0A1 I > 



wo 93/09450 



PCr/US91/08109 



24/25 




HG. 39B 
SUBSTITUTE SHEET 

BNSDOCIO: <WO_930945OA1_t_> 



wo 93/09450 



PCT/US91/08109 



25/25 




HQ 40 



BNSDOCID: <WO 9309450A1 . 1. > 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 

Internaiionat Aootication No. PCT/US91/08109 



I. CLASSIFICATION OF SUBJECT MATTER (if several classificatton ^moola apply, moicate all) * 



Accoroing to International Patent Classification (IPC) or to both National Classification and IPC 

IPC (5) : G02B 6/10 
U.S. CI.: 385/7 



II. FIELDS SEARCHED 



Minimum Documentation SearcneO ' 



Classification System 



Classification Symools 



U.S. CI. 



385/7. 8, 14, 17, 18; 123, 115, 116, 131, 132, 147, 114, 901; 
40/427,547 



Documentation Searcned other than Minimum Documentation 
to the Extent that such Documents are Included in tne Fields Searched * 



III DOCUMENTS CONSIDERED TO BE RELEVANT « 



Category ' 



Citation ol Document. " with indication, where aooroonate. of the relevant oasaapes 



Relevant to Claim No. 



U.S., A, 4,737,014 (C31EEN) 12 APRIL 1988 

(See fiqs. 3-7, Col- 2, lines 10-68, 
Col. 3 lines :30-68, -Col. A-6, lines 1-68, 
CoT. J lines 1-15) 



U.S., A, 3,871,747 (ANDREWS) 18 MARCH 1975 
(See figs. 2-6, Col. 2, lines 29-68 
and Col. 3, lines 1-54) 

U.S., A, 4,786,128 (BIRNBACH) 22 NOVEMBER 1988 
(NOTE entire docunent:) 

U.S., A, 5,009,483 (ROOCWEU., Ill) 

(NOTE entire document) 23 APRIL 1991 



14-24, 
38-40 



25-31 



1-44 



1-44 



" special categories ot cited documenta : 

"A" document defining the gmnmni state of the art which is not 

considered to be ol oarticular relevance 
*'£** earlier document tout pubhshed on or after the intemationai 

niing date 

"L" document which may throw doubts oo priority ciaimCs) or 
which IS Cited to astaolish tne publication date ot another 
citation or other special reason (as specified) 

*'0** document referrmg to an oral disclosurs. uae. eihibition or 
other means 

"P** document published prior to the international filing dats but 
later than the priority date claimed 


"T** later document published after the international filing date 
or oriority dats and not in conflict with the application but 
cited to understand the principle or theory underlying tne 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

"Y" document ot particular relevance: the claimed invention 
cannot oe considered to involve an inventive atep when the 
document is combined with one or moro other such docu- 
ments, auch comotnstion being obvious to a parson sailled 
m the art. 

document member of the same patent family 


IV CERTIFICATION . ^ 


Date of the Actual Completion ot the International Search 

22 APRIL 1992 


Date of Mailing of this International Search Report 

^. > MAY by2 . 


International Searcmng Authonty 
ISA/US 


Signitun ol AutlioniM omcmtZ/J^ ^ f^^t^/^ 
BRIAN M. HEALY /fr^ 



FonaPCTiBAOIOCf 



9309450A1 I > 



wo 93/09450 



PCT/US91/08109 



- 1 - 

] 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 

12 OPTICAL WAVEGUIDE DISPLAY SYSTEM 

13 

14 

15 

16 BACKGROUND OF THE INVENTION 

17 

18 1 . Field of the Invention 
19 

20 This invention relates to thin panel television displays. More paniculariy, this application 

21 describes an optical waveuide based display technology. Specifically, a technique for 

22 tapping light out from the cores of closely spaced parallel optical waveguides is described 

23 which enables images to be formed on large viewing screens. 
24 

25 2. The Need for a Flat Panel Display 
26 

27 Since the invention of the Cathode Ray Tube (CRT), display manufacturers have wanted 

28 to make a screen which can be hung on a wall like a painting. This "'moving painting" 

29 should ideally be flat, bright, large, inexpensive, rugged and with a high enough 

30 resolurion. at least 1024 x 1024 color picture elements or "pixels", to produce a high 

31 definition television (HDTV) image. The ability to make a thin picture screen will greatly 

32 improve the television viewing experience. For example, thin panel televisions will 

33 facilitate in-home entenainment centers. A home viewer will be able to watch thearre- 

34 quality movies without bulky and expensive projection equipment. 
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1 

2 3. Prior Art 

Si 

4 Liquid crystal, gas plasma, vacuum fluorescent and electroluminescent technologies are 

5 presently considered the most promising for use in thin panel displays. These 

6 technologies are similar in that they all rely on a matrix of electrodes. Electrical signals 

7 applied to the matrix of electrodes control a working medium. Commonly used working 

8 mediums include liquid crystals, neon, and phosphors. The working medium is typically 

9 sandwiched between the elecu-ode matrix. The light emitted from a screen pixel is 

10 regulated by energizing its associated electrodes. If the proper electrical signals are rapidly 

1 1 applied to the electrodes, still and moving images can be formed. 
12 

13 In practice, large displays based on matrices of electrodes have yet to be constructed. 

14 Increasing the screen size makes the electrode geometry and composition more difficult to 

15 conn-ol during the manufacturing piwess. As a result, large matrix-electrode panels tend 

1 6 to have screen regions with irregular brighmess and defective picture elements. While 

17 screen brighmess irregularities can be corrected by electronically processing picmre 

18 signals before they are applied to the display, defective picture elements can render a panel 

19 useless. Defective picture elements in very large displays make large matrix-electrode 

20 panels prohibitively expensive to produce. It is unlikely wall-sized, matrix-electrode, 

21 displays will become economically feasible to make in the near funire. 
22 

23 In an effort to address these problems, a variety of less well-known display designs have 

24 been proposed. One particular design approach is based on the use of optical waveguides. 

25 Optical waveguides are capable of carrying high-intensity light long distances with little 

26 attenuation. These efficient light carrying properties make waveguides well suited for use 

27 in large screen displays. 
28 

29 One prior an waveguide design employs optical fibers to magnify images from an image 

30 source. For example, if the image source is a CRT. and a plurality of optical waveguides 

31 are butted to the face of the CRT, die individual fibers associated with each pixel on the 

32 CRT can carry light to a separate, larger, display panel. Each pixel from die CRT is 

33 mapped, one-to-one, onto the large panel by a dedicated fiber. If the panel is much larger 

34 than the original CRT, the fibers collectively act k> magnify the picture image. Extremely 

35 large screens can be built using this fiber optic magnification technique. 
36 

37 When applying fiber optic magnification to HDTV, a number of problems arise. A fiber 
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1 optic magnification system at a HDTV resolution requires millions of separate optical 

2 fibers. Producing a screen with millions of optical fibers is expensive. Consequently, 

3 fiber optic magnification techniques are generally considered impractical for use in high 

4 resolution displays. 
5 

6 An improved optical waveguide technique is based on removing, or tapping out, light 

7 from a waveguide core before it reaches the end of the fiber. Instead of using one fiber 

8 per pixel, as described above, a single fiber can be made to show many pixels. For 

9 example, multiple taps can be placed along the length of a single fiber. If the laps are 

10 scanned in rapid succession, a single fiber will appear to possess many separate light 

1 1 emitting elements. This greatly reduces the number of waveguides needed in a display. 
12 

1 3 A number of invesugators have pursued this multiplexed, waveguide/tap, approach. The 

14 few proposed waveguide/tap designs are similar in that they have all anempted to find an 

15 efficient means of tapping light out from the waveguide core. The light tapping 

16 techniques discussed in the prior an incorporate electro-optic, thermo-optic and liquid 

17 crystal tap elements. 
18 

19 Perhaps the most well developed waveguide/tap display technology relies on thermally- 

20 induced phase changes in a liquid core waveguide. In this approach, a liquid core fiber is 

21 heated by an external heating element through the cladding. At a crirical temperature. the 

22 liquid core vaporizes, causing a sudden drop in the core s refractive index. Light traveling 

23 through the heated, vaporized, core region is caused to scatter and can be seen by a viewer. 
24 

25 While the liquid core technique is promising, it has several major draw-backs which are 

26 representative of the flaws in other existing waveguide/tap designs. First, the time 

27 required to cycle through a iiquid-vapor-liquid phase transition is typically in the 

28 millisecond range. A millisecond is far too long to enable a single fiber to display and 

29 update thousands of pixels/second. Fiber taps must update pixels at rates greater than 

30 30,000 pixels per second to produce a high resolution waveguide/tap display. 
31 

32 Second, the manufacturing processes needed to make a system of parallel liquid 

33 waveguides are new and have not been well developed. Since liquid core waveguides 

34 presently have little commercial value, they are expensive to produce. These two 

35 problems; designing high speed taps and economical optical waveguides, are common 

36 limitations to all previously proposed waveguide/tap displays. Either the taps have been 

37 too slow or the fiber elements have been too costly to produce. In other words. 
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1 waveguide/tap displays have been described in thcon-, but have not yet been economically 

2 possible to build. 

4 Therefore, while preliminary work has shown bptical waveguide/tap displays to be 

5 promising, improvements in the light tapping, waveguide forming, and source 

6 iUumination elements must be made before this technique can be commonly applied. 

8 Examples of related patents include U.S. Patent Numbers 3,871,747 issued March 18, 

9 1975 to Ronald Andrews: 4,640,592 issued February 3. 1987 to Nishimura ei al.; 

10 3.856378 issued December 24, 1974 to Brandt et al.; 3,619,796 issued November 9, 

1 1 1971 to Seidel et aU 3,655,261 issued April 1 1, 1972 to Chang. 
12 

13 Other related an is disclosed by Manhar L. Shah. "Fast acousio-optical waveguide 

14 modulators". Applied Physics Letters, Vol 23. No. 2, 15 July 1973, pp. 75-77:^^ A. I. 

15 Gudzenko et al., "Acoustooptical modulator using coupled plane waveguides". Opt. 

16 Spectrosc, (USSR) 47 (4), October 1979, pp. 427-428; G.B. Brandt et al., "Bulk 

17 acoustic wave interaction with guided optical waves". Applied Physics Utters, Vol. 23. 

18 No. 2. 15 July 1973. pp. 53-54; B.L. Heffner et al., "Switchable fiber-optic tap using 

19 acoustic transducers deposited upon the fiber surface"'. Optics Utters, Vol. 12, No. 3, 

20 March 1987 pp. 208-210.; Ralph Th. Kersten, "Integrated optical acousto-optic 

21 switching", Spie vol. 517 Integrated Optical Circuit Engineering, 1984, pp. 258 - 266: L. 

22 Falcou CL al., "Switching characteristics of a piezoelectrical actuated evanescent-wave 

23 directional coupler", EUctron. Utt., Vol. 23, 1987, pp. 469-470: K. Liu "Single-mode- 

24 fibre evanescent polarizer/ampUtude modulator using liquid crystals". Opt. Utt., Vol 1 1, 

25 1986, pp. 180- 1 82; Manhar L. Shah, "Fast acoustic diffraction-type optical waveguide 

26 modulator". Applied Physics Utters, Vol 23, No. 10, 15 November 1973; T. Tamir et. 

27 al-, Tntf^frated Optics . Topics in Applied Physics, Vol 7, Springer- Veriag 1985, M. 

28 Gottlieb and G.B. Brandt, "Temperature sensing in optical fibers using cladding and 

29 jacket loss effects". Applied Optics, Vol. 20, No. 22. 15 November, 1981, pp. 3867 - 

30 3873: M. Gottlieb et. al "Measurement of Temperature with Optical Fibers", ISA 

31 Tra,xsactions,Wo\. 19, No. 4, pp. 55 -62: J.R. Hill et. al., "Synthesis and Use of Aery late 

32 Polymers for Non-linear Optics". Orpanir Materials for Non-|iney Qptic?. Royal Society 

33 of Chemistry - Dalton Division, Oxford, 29 - 30 June 1988, pp. 405 - 41 1: J.R. Hill et. 
.34 al.. "Demonstration of the linear electro-optic effect in a thermopoled polymer film", J. 

35 Appl. Phys., Vol. 64, No. 5. 1 September 1988, pp. 2749 - 2751: E.A. Chandross et. al., 

36 "Photolocking - A new technique forfabricating optical waveguide circuits", Appl. Phys. 

37 Utt., Vol. 24, No. 2. 15 January 1974. pp. 72 - 74: Hilmar Fianke, "Optical lecording of 
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1 rcfraciive-index patterns in doped poly - (methyl methacrylate) films". Applied Optics, 

2 Vol. 23, No. 16. 15 August 1984. pp. 2729 - 2733: Takashi Kurokawa, "Polymer optical 

3 circuits for multimode optical fiber systems". Applied Optics. Vol. 19. No. 18, 15 

4 September 1980, pp. 3124-3129: M. Haruna and J. Koyama, •Thermooptic deflection 

5 and switching in glass". Applied Optics, Vol. 21. No. 19. 1 October 1982, pp. 3461 - 

6 3465: Andrew J. Lovinger, "Ferroelectric Polymers". Science, Vol. 220, No. 4602, 10 

7 June 1983, pp. 1115 - 1121; D. Bosc and P. Grosso, "Polymer acousto-optic modulator 

8 working at 20 Mhz ", 2nd Intern ational Conference on Passive Components: Materials. 
^ Technologies. Prnce«:s;i ng. Paris. Franre 18-20 Nov. 1987, pp. 107 - 1 12; T>.R. Ulrich, 

10 'Overview: Non-linear Optical Organics and Devices", Organic Materials for Non-linear 

1 1 Optics, Royal Society of Chemistry - Dalton Division. Oxford. 29 - 30 June 1988, pp. 

12 241 - 263: J. Brettle ei. al.. "Polymeric non-linear optical waveguides", SPIE Vol. 824 

13 AdV3nCg?> in Nonlinear Polymers and Inorganic Cry s tals. Liquid Crystals, and Laser 

14 M^ia (1987). pp. 171 - 177; R. Lytel et. al., "Advances in organic electro-opnc devices", 

15 SPIE Vol. 824 Advances in No nlinear Polymers and Inorganic Crystals. Liquid Crystals. 

16 gnd Laser Media n987V pp. 152 - 161: NCAP Technology Repon, Taliq Corporation, 

17 Sunnyvale CA. 
18 

19 

20 SUMMARY OF THE INVENTION 

21 

22 1 . Objects of die Invendon 

23 

24 Accordingly, it is an object of this invention to show how a display can be cotistructed by 

25 making guided light prematurely exit the cores of optical waveguides. 
26 

27 Another object of the invention is to show various high speed techniques for tapping light 

28 . out of waveguides to form still and moving images on large screens. 
29 

30 A still further object of the invention is show how the acousto-optic, electro-optic and 

3 1 thermo-optic effects can be employed to modulate and tap light out of optical waveguides. 
32 

33 Another object is to show an improved waveguide tap with a long interaction region and a 

34 . light-deflccung element. 
35 

36 Yet another object is to show a staggered, multi-waveguide, tap-arrangement method 

37 which allows high pixel resolutions to be maintained while using long interaction length 
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1 taps. 
2 

3 Still another object is to show how to make and use a ribbon of parallel optical 

4 waveguides in waveguide-based displays. 
5 

6 Yet another object is to show how light absorbing material can improve the appearance of 

7 images formed in waveguide displays. 
8 

9 A funher object is to show how filters, which convcn white light into colored light, can 

10 be used to make full color waveguide displays. 
11 

1 2 Another object is to show how lenses such as a Graded Index (GRIN) or a Surface Micro 

1 3 Integrated Lens (SMILE) may be used to ef ficienriy guide light from a source into many 

14 separate waveguide core elements. 
15 

16 Another object is to show various methods for integrating waveguide and modulator 

1 7 elements into a complete display system. 
18 

19 A further object is to describe a number of different waveguide display manufacmring 

20 techniques. 
21 

22 These and funher objects, features and advantages of the present invention will become 

23 more obvious from the following description when taken in connection with the 

24 accompanying drawings. 
25 

26 2. Brief Description 
27 

28 Briefly described, the invention comprises a substrate with optical waveguides arranged 

29 on it- The substrate can be made of glass, plastic or any other suitable material. The 

30 waveguides are typically parallel and closely spaced next to each other. Light is directed 

31 from a continuous light source into the ends of the waveguides arranged across the 

32 substrate. 
33 

34 Due to total internal reflection, the guided Ught traveling through the optical fibers will 

35 only emerge from the ends of the fibers. Once bound in the core of a waveguide, light 

36 can not escape through the cladding layer. Consequently, a person looking at a waveguide 

37 covered substrate will normally not see light escaping ftom the surface of the substrate. 
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1 Only light escaping from the ends of the waveguides can be directlv observed. 



3 Various methods can be used to make light prematurely exit a waveguide through the 

4 cladding material, thus making it visible. These methods rely on diffraction effects, 

5 evanescent field coupling, surface irregularities, microbending and changing the index of 

6 refraction in the waveguide core and cladding. These phenomenon can be made to occur 

7 electronically using the electro-optic, acousto-optic, ihermo-optic or magneto-optic 

8 propenies possessed by many materials. Any of these effects can be utilized to tap light 

9 out of a waveguide and make a display like the one described here. 
10 

1 1 For example, the acousio-optic effect causes physical displacement, which, in an optical 

12 medium, is typically accompanied by changes in the index of refraction. By applying 

13 acoustic energy to specific points, light can be made to exit anywhere along a length of 

14 waveguide. To a viewer, this tapped-out light appears as a point of light which is present 

15 at the location where acoustic energy is applied to the waveguide. The position and 

16 intensity of the emitted light can be adjusted by changing the location and power of the 

17 applied acoustic energy. 
18 

19 Tapping light out of the core with acoustic energy both modulates the intensity of the 

20 remaining bound light traveling through the waveguide and makes a visible point. This 

21 ability to modulate the intensity of light in a waveguide, as well as making light visible 

22 anywhere along its length, is used to make points of varying brightness along a one- 

23 dimensional segment of waveguide. To do this, an intensity modulator is followed by a 

24 series of taps placed along a waveguide segment. 
25 

26 The intensity modulator controls the total amount of light traveling through the core, while 

27 taps couple the remaining intensity modulated light out and make it visible at different 

28 locations along the waveguide. By placing many one-dimensional intensity modulator/tap 

29 waveguide segments in parallel, closely spaced next to each other, the light emitted from a 

30 two-dimensional surface is regulated. By orchestrating the intensity modulators and taps 

31 in a two-dimensional system of waveguides, still and moving images are formed on a 

32 viewing screen. 
33 

34 A different way to make a waveguide tap is based on the electro-opric effect. Electro- 

35 optic materials directly change their index of refraction in an electric field. Using electro- 

36 optic materials to construct the core, cladding and/or supercladding elements significandy 

37 lowers the power needed to drive the taps, and hence the screen. Non-U near and 
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1 ferroelectric polymers are presenily considered the the most promising electro-optic 

2 waveguide materials. 

4 In the electro-optic tap interaction region, guided light is coupled out from the core, passed 

5 through the cladding, into a second waveguide running alongside the core. The second 

6 waveguide, hereinafter referred to as the '-supercladding \ guides light in a direction 

7 oriented parallel to the core. Light coupled out from the core travels through the 

8 supercladding until it hits a deflector. The deflector, in turn, directs light out of the 

9 supercladding to the viewer. Thus, light coupled into the supercladding from the core 
1 0 over a long interaction length appears as a light-emitting region in the supercladding. 

11 

12 This supercladding/deflector scheme, which can also be used with acousto-optic taps, 

13 enables high screen resolutions to be maintained while using long interaction length taps. 

14 Waveguides are placed side-by-side. Each waveguide contains only a small nuniber of 

15 long interaction length supercladding/deflector taps. However, taps on separate 

16 waveguides are slightly offset, or staggered, to achieve a high resolution. The combined 

17 effect of many parallel waveguides, each with their limited number of long interaction 

1 8 length taps, increases the display resolution. 
19 

20 Finally, plastic waveguide processing techniques are described which enable large 

21 numbers of waveguides to be economically produced. Plastics can be extruded, molded, 

22 laminated, etched, doped, drawn, stamped, machined, laser or ior milled, ihermo-poled 

23 and photolocked to form and shape optical waveguide elements used in display systems. 
24 

25 The attainment of the foregoing and related objects, features and advantages of the 

26 invention will be more readily apparent to those skilled in the an, after review of the 

27 following more detailed description of the invention, taken together with the included 

28 drawings- 
29 

30 BRIEF DESCRIPTION OF THE DRAWINGS 
31 

32 Rg. 1 is a perspective view of a flat panel display. 
33 

34 Fig, 2 is a perspective view of a curved display. 
35 

36 Fig. 3 is a perspective view of a semi-transparent flat display. 
37 



BNSDOCIO.cWO 9309450A1 I > 



wo 93/09450. 



PCr/US91/08109 



-9- 

Fig. 4 is a cross section view of an optical waveguide and acousto-optic tap. 

Fig. 5 is a cross section view of a waveguide and acousto-optic tap employing a series of 
closely spaced acoustic sources along a length of waveguide. 

Fig. 6 is a cross section view of an inierdigital acousto-optic waveguide tap with 
electrodes placed on the same side of a piezoelectric material. 

Fig. 7 is a cross section view of a waveguide leaking light due to micro-bending. 

Fig. 8 is a cross section view of an electro-optic waveguide tap. 

Fig. 9 is a cross secdon view of an interdigital electro-optic waveguide tap. 

Fig. lOA is a side view of a waveguide tap showing how light is coupled out of a core 
into a supercladding and deflected out to the viewer. 

Fig, 1 OB is a side view of waveguide tap showing how light is coupled out of a core into a 
supercladding and deflected back through the waveguide core and out to the viewer. 

Fig. IOC is a side view of a waveguide tap showing how light is coupled out into two 
supercladdings placed on each side of a waveguide core. 

Fig. 11 A is a schematic view of a single waveguide with multiple small interaction length 
taps placed at even intervals along its length. 

Fig. 1 IB is a schematic view of two waveguides with medium interaction length taps and 
staggered deflectors to achieve the same adjacent pixel resolution as shown in Fig. 2A. 

Fig. 1 IC is a schematic view of four waveguides with long interaction length taps and 
staggered deflectors to achieve the same adjacent pixel resolution as shown in Fig. 2A. 

Fig. 12 is a cross section view of an acousto-optic intensity modulator followed by a 
series of acousto-optic taps to control the location and intensity of light emitted from a 
waveguide segment. 

Fig. 13 is a cross section view of an acousto-optic intensity modulator and traveling 
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1 acoustic wave which can be used to vary the intensity of light emitted from a length of 

2 waveguide. 
3 

4 Fig. 14 is an exploded perspective view of a complete display comprising waveguides » 

5 deposited on a substrate, acousto-optic intensity nnodulators and taps. 
6 

7 Fig. 15 is an exploded perspective view of a complete display using acoustic intensity 

8 modulators and a traveling acoustic wave. 
9 

10 Fig. 1 6 is a perspective view of an optical waveguide ribbon made up of many individual 

11 waveguide elements. 
12 

13 Fig. 17 is an enlarged cross section view of the waveguide ribbon shown in Fig. 16. 
14 

15 Fig. 18 is a front view of the light emitting side of the waveguide ribbon shown in Fig. 

16 16. 
17 

1 8 Fig. 1 9 is a back view of tiie waveguide ribbon shown in Fig. 18. 
19 

20 Fig. 20A is the back view of a wraveguide ribbon which contains intensity modulators and 

21 taps. 
22 

23 Ha 20B is the front view of the same ribbon in Fig. 5 showing the ground conductors and 

24 deflectors where light is directed out from the waveguides to the viewer. 

25 

26 Fig. 21A is a profile view of a ribbon containing multiple supercladding elements 

27 arranged on one side of mulripie cores elements. 
28 

29 Fig. 21B is a profile view of a ribbon containing multiple supercladding elements 

30 arranged on both sides of multiple core elements. 
31 

32 Fig. 22A is a profile view of a ribbon containing multiple supercladding elements , 

33 arranged on one side of die mulripie core elements where the cores, cladding and 

34 supercladding elements are isolated from each other. 
35 

36 Fig. 22B is a profile view of a ribbon containing multiple supercladding elements 

37 arranged on both sides of the ribbon cores where the cores, cladding and supercladding 
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1 elements are isolated from each other. 

'3 Fig. 23 is a perspective view of a method to precisely couple light into a stack of 

4 waveguide ribbons. 

5 

6 Fig, 24 is an exploded perspective view of a complete display made up of waveguide 

7 ribbons. 
8 

9 Fig. 25 is a backside view of a complete display comprising a light source, multiple 

10 ribbons bent and spread to cover a substrate, intensity modulators and tap elements. 
11 

1 2 Fig. 26A shows a photolocking process used to manufacture optical waveguide ribbon. 
13 

14 Fig. 26B shows a thermo-poling process used to manufacture optical waveguide ribbon. 

16 Fig. 27 A shows a side view of a extrusion process used to manufacture waveguide 

17 ribbon. 
18 

19 Fig. 27B shows a front view of the extrusion manufacturing process shown in Fig. 27 A. 
20 

2 1 Fig. 28 shows a end-cut view of a single fiber preform. 

22 

23 Fig. 29 shows an end-cut view of a multi-fiber preform. 
24 

25 Fig. 30 shows a multi-fiber preform being stretch drawn in a furnace. 

11 Fig. 31 shows a piezoelectric film electrode formation process. 
28 

29 Fig. 32 shows an end-cut view of a segment of piezo ribbon which includes electrodes. 
30 

31 Fig. 33 shows the ribbon and the fibers being combined into a single unit. 
32 

33 Fig. 34 shows an end-cut view of a ribbon after the fibers and film have been combined. 
34 

35 Fig. 35 shows a laser pit formation process. 
36 

37 Fig. 36 shows the ribbon being metalized to form reflecuve pits. 
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1 

2 Fig. 37 shows how excess metal deposited on the ribbon is removed. 

4 Fig. 38 shows how the ribbon and a lens structure are combined. 
5 

6 Fig. 39A shows a side view of the final ribbon structure. 
7 

8 Fig. 39B shows an end view of the final ribbon structure. 
9 

1 0 Fig. 40 is a schematic view of the electronic control systems used in the display. 

11 

12 

13 

14 

15 

16 

17 

18 

19 
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21 
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15 
16 

17 DETAILED DESCRIPTION OF THE INVENTION 
18 

19 1 . Waveguide Displays - Sizes, Shapes and Types 
20 

21 Turning now to the drawings, more paniculariy to Figures 1-5, which show three basic 

22 types of display that can be constructed using the optical waveguide methods inn-oduced 

23 above. Figure 1 is a perspective view of a flat panel screen 2 labeled along its height 61, 

24 thickness 60, and width 62 dimensions. 
25 

26 Optical waveguide displays 60 can be made very thin. Optical waveguides are capable of 

27 carrying extremely intense light, long distances, with liiile attenuation. This robust light 

28 carrying ability enables a single waveguide, 10 - 250 uM thick, to brightly illuminate 

29 hundreds of pixels (taps) oriented along its length. Consequently, because the light 

30 carrying ability of oprical waveguides is so great, the panel thickness 60 can be made very 

31 small. Depending on the thickness of the substrate, waveguide panels with a thickness of 

32 .05 - 2 cm can be realized . 
33 

34 Optical waveguides may be constructed from a number of different materials. 

35 Commonly used waveguide materials include gases (air. nitrogen), liquids (water, carbon 

36 tetrachloride), plastics (acrylic, polyimide. polysterene) and glasses (crown, flint, silicon 

37 dioxide). Depending on the material, the waveguide lo.sses may be made quite smalL In 
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1 advanced telecommunications waveguides, for example, the attenuation is less than 2 

2 dB/Km. Consequently^ waveguide/tap screens can incorporate very long optical 

3 waveguides before anenuation becomes a major design limitation. 
4 

5 Large viewing screens may be made using long, low-loss waveguides. Long fibers can 

6 individually be placed, side-by-side, on a separate substrate. Suitable substrates are 

7 presently also available in very large sizes. As a result, since the basic elements of the 

8 display, both the waveguides and the substrate, can separately be manufactured to large 

9 sizes, the screen itself can be made large. It is not unrealistic to expect viewing screens 3 - 
10 5 meters on a side. 

11 

12 In fact, it is more of a challenge to make small screens. The resolution of a waveguide/tap 

1 3 display is constrained by the smallest screen pixel which can be displayed. The minimum 

14 pixel size is determined by the size and efficiency of the tap placed along the length of a 

15 waveguide. Presently, taps which are both efficient and have shon interaction lengths are 

1 6 difficult to fabricate. The precise technical reasons for the limited efficiency and relatively 

1 7 long tap length will be made more clear in the next section. 
18 

19 Figure 2 shows a curved display. Umil now, thin displays have been limited to flat, 

20 planar, designs. The photolithographic techniques commonly used to produce matrices of 

2 1 elecorodes in liquid crystal and electroluminescent panels necessitate flat exposure masks 

22 and substrates. This planar-based production equipment cannot be used with curved and 

23 other irregularly shaped substrates. 
24 

25 However, since waveguide/tap displays are based on optical waveguides, which are 

26 flexible, curved and other irregularly shaped screens can be created. For example, many 

27 fibers can be individually drawn, processed to create taps along their length, and separately 

28 placed over a curved substrate. Processing fiber to create taps first, and then placing the 

29 fibers over a substrate, eliminates the need for a flat substrate. Separate fiber and substrate 

30 processing steps allow irregularly shaped screens to be made without using traditional 

3 1 planar photolithographic processing steps. 
32 

33 Curved screens are potentially very useful. For example, if the optical fibers are long 

34 enough^ a curved screen can be made which wraps 360 degrees around a viewer. Such a 

35 wrap-around display will greatly improve the cinemagraphic and video viewing 

36 experience. A viewer will have the impression of actually "being" in the center of a 

37 displayed picture. 
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1 

2 Figure 3 shows a semi-transparent panel. Transparent screens are possible since 

3 waveguides are, by nature, transparent. A viewer can look through the side of an optical 

4 waveguide, while light is flowing through the core, without seeing the guided light. As a 

5 result, with the appropriate configuration of clear waveguides and clear taps, semi- 

6 transparent panels could be made. 
7 

. 8 Semi-transparent displays will be useful in a number of novel applications. For example, 

9 store windows could be made to show messages and moving images, while at the same 

10 time allowing a customer to see what is going on inside the store. Also, anists might use 

1 1 such semi-transparent displays to make an exhibits. 
12 

1 3 2. Optical Waveguide Taps 
14 

15 Figures 4-9 show five different types of optical waveguide tap. As previously mentioned, 

16 the tap is the central component of a waveguide/tap display. Taps are responsible for 

17 directing light out from the waveguide core in such a way that it can be seen by the 

18 viewer. Ideally, display taps must switch quickly, consume little power, and be easy to 

19 fabricate. These tap properties can be realized using a different tap designs based on 

20 acousto-opiic, electro-optic, thermo-optic and/or magneto-opuc effects, 
21 

22 Turning now to Figure 4, which shows a side-view of an acousto-opiic waveguide tap, in 

23 which sound energy is employed to make light prematurely exit a waveguide core 22. 

24 When the tap is in operation, sound waves 34 propagate perpendicular 3 to the direction of 

25 light flow 5 in the waveguide. The changes in the index of refraction produced by sound 

26 passing through the cladding 20, 24 and core 22 layers causes light to couple out 32 and 

27 travel to the viewer 30. 
28 

29 Light must initially be traveling through the waveguide core 22 for it to be switched out in 

30 a tap region 94. For light to remain guided by total internal reflection in the waveguide, 

3 1 light must have an angle of propagation 7 less than the critical angle. The critical angle of 

32 light acceptance for a given waveguide is determined using SnelFs law. It is calculated by 

33 knowing the index of refraction of the core 22 and cladding layers 22, 24. Light entering a 

34 waveguide at angles greater than the critical angle will not be guided by total internal 

35 reflection and will quickly dissipate due to propagation in high-loss cladding and radiant 

36 modes. 
37 
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1 The sound source, typically a piezoelectric material 16 sandwiched between a ground 

2 conductor 15 and a signal conductor 14, is placed alongside the waveguide. The 

3 piezoelectric layer can be niade of any suitable piezoelectric material including zinc oxide, 

4 barium titanate and polyvinylidene fluoride (PVDF). In operation, an alternating electric 

5 signal from a source 10 is connected to the signal conductor 14. The alternating electric 

6 signal, in turn, causes the piezoelectric layer to produce periodic acoustic waves. The 

7 periodic acoustic waves 34 travel into the cladding 20, 24 and core 22 where they cause 

8 changes in the index of refraction. Changes in the index of refraction induced by acoustic 

9 waves are ultimately responsible for making light prematurely exit the core 22. In the 

10 absence of acoustic energy 34 in tiie tap region 94, light will exit the waveguide at tiie end 

1 1 28 with virtually tiie same intensity as when it entered 21 . 
12 

1 3 Depending on the frequency and amplitude of the applied acoustic energy, and also on the 

14 precise construction of the optical waveguide, different mechanisms account for how the 

15 light exits from the waveguide. In ordinary commercial waveguides, periodic sound 

16 energy mosdy produces refractive and diffractive effects. These diffracrive and refractive 

17 effects modify die path a bound light ray takes when traveling through the waveguide core 

18 22. The precise light ray path changes produced by sound induced diffractive and 

19 refractive effects in ordinary commercial waveguide depends on the frequency and 

20 amplitude of the applied acoustic energy. 
21 

22 If the applied acoustic frequency is low, less than approximately 100 MHz in glass, the 

23 path of a guided light ray will be altered due to diffraction in the Bragg regime. At higher 
' 24 acoustic frequencies light diffraction will occur in the Raman-Nadi regime. Diffraction in 

25 both Bragg and Raman-Nath regimes can be used to tap light in an acousto-optic tap 

26 nteraction region 94. 
27 

28 Ultimately, it is an increase in the angle of light propagation induced by acoustic 

29 penurbations which cause bound light to exit from the core 22. Changes in the angle of 

30 propagation conven guided light to both higher and lower order propagation modes. 

3 1 Guided light in a high order mode has a higher angle of light propagation than guided light 

32 in a low order mode. In the acousto-optic interaction region 94 mode conversion from a 

33 low order mode to a very high-order mode will cause light to exit from the core into the 

34 cladding 24. Once in the cladding 24, light exiting the core can be scattered and directed to 

35 the viewer 30. Thus mode conversion, or increasing the angle of propagation of the 
56 bound light, is one important mechanism for achieving core light removal in a waveguide 
37 tap. 
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1 

5. 2 The amount of light exiting at a tap from mode conversion can be quite large. An acoustic 

3 tap is particularly effective if the guided light traveling dirough the tap region 94 is weakly 

4 guided, or already in a high-order mode. If most of the light traveling through a 

5 waveguide is weakly guided, a slight acoustically induced mode conversion will cause ii 

6 to escape into the cladding. Thus, the mode of the guided light is a key factor in 

7 determining the efficiency of a particular acoustic tap. 
.8 

9 Light exiting from the core, once in the cladding, must be scattered before it can be 

^ 10 viewed. In a tap region 94, light which has just entered the cladding 24 will tend to be 

1 1 oriented parallel 5 to the waveguide core 22. Thus, unless redirected, this tapped light will 

12 continue to travel through the cladding 24 and as a result will not be seen. In fact, light 

1 3 exiting the core may travel quite long distances through the cladding before it is scattered 

14 out to the viewer 30. Therefore, a scattering means is required for directing light out of 

1 5 the cladding and to the viewer. 
16 

1 7 There are several major ways of re-directing, or scattering, light out of the cladding 24 to 

1 8 the viewer 30. The first scattering technique employs a diffusing layer 26. The diffusing 

1 9 layer 26 is made of a base material whose index of refraaion closely matches the cladding 

20 layer 24. Embedded in the base material are small panicles, each with a different index of 

21 refraction than the base material. The difference in the index of refraction between the 

22 base material and the particles cause light to be re-directed. In other words, each panicle 

23 in the base medium tends to act as a scattering center to diffuse light in the cladding. The 

24 combined effect of many small particles 26, or scauering centers, placed in close 

25 proximity cause light to be directed out of the diffusing layer and toward the viewer 30. 
26 

27 The second major scattering approach employs a transparent layer with lenses formed on 

28 it. The transparent layer, like the diffusing layer, is usually placed in contact with the 

29 outside cladding 24, Ideally, the transparent lens layer should have an index of refraction 

30 which closely matches the cladding 24, It is even possible to form lenses directly on the 

3 1 outside of an extra-thick cladding 24. Lenses serve to refract light traveling through the 

32 cladding away from the core 22 and toward the viewer 30. Lenses can be formed by 

33 etching irregularities directly onto the surface of a clear material. In fact, the irregularities 

34 need only be a random collection of microscopic bumps and pits to effectively refract and 

35 re-direct light. Thus, minute surface variations, essentially random in nature, are 

36 sufficient to scatter and redirect light.This is described in greater detail in the following 

37 section. 
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1 

2 Preferably, light from the core 22 is so completely re-oriented, from either lenses or the 

3 diffusing layer, that it has a lambertian intensity profile. Light exiling the waveguide 30 in 

4 the interaction region 94 should appear to the viewer as a diffuse, planar, light source. 

5 Light tapped from the waveguide must be sufficiently dispersed to enable a viewer to see 

6 the tap from many different viewing angles. 
7 

8 There is an entirely different type of acousto-optic waveguide tap, based on effects other 

9 than refraction and diffraction, which may also be employed. This other tap method is 

10 uses evanescent field coupling effects. Evanescent field coupling takes advantage of the 

1 1 electromagnetic field of guided light which extends outside of the core and into the 

12 cladding. This field enables guided light to interact through a very thin cladding 24 with 

1 3 materials placed close to the waveguide core 22. 
14 

15 For example, if two waveguide cores are placed in close proximity guided light, via its 

16 associated evanescent field, will "tunnel" across from one waveguide core to the other. 

17 A coupler using this effect is commonly used in fiberoptic communication systems. 

18 Such evanescent couplers place two fiber optic waveguides in close proximity, 

19 approximately 1-5 um apart, to enable light to transfer from one fiber to the other fiber. 

20 100% transfer of light between two waveguides can be obtained using this technique. 
21 

22 In specially designed optical waveguides, a very efficient tap based on the evanescent field 

23 effect can be built. For example, if the bottom cladding 24 is made sufficiently thin, light 

24 can be coupled out of the core and into the diffusing layer via its evanescent field. This 

25 light tapping method is extremely sensitive to the thickness and refractive index of the 

26 cladding 24 between the core and the diffusing layer 26. If the thickness and refractive 

27 index of the cladding layer is carefully conu-olled, light will escape from the waveguide 

28 through the application of very small amounts of acoustic energy. 
29 

30 An interesting propeny of the evanescent tap is that it reduces the scattering requirements 

31 needed in the diffusing layer 26. The scattering requirements of the diffusing layer are 

32 reduced because light exiting from the core can be more directed toward the viewer 30. In ^ 

33 particular, the angle of light coupled out from the core into the diffusing layer 26 can be 

34 made to be strongly angled in direction 3. This angling is made possible by making the 

35 index of refraction of the base diffusing material larger than the index of the refraction of 

36 the core. It is the higher index of refraction in the diffusing base material which causes 

37 light to be angled in direction 3. The more light is angled toward the viewer 30, the less 
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1 scattering needs to be done in the diffusing layer 26. 

3 Evanescent taps are also useful because they do not require periodic sound energy. 

4 Unlike Bragg and Raman-Nath diffraction taps, light can be coupled out of an evanescent 

5 tap simply by applying constant pressure to the interaction region 94. Thus, evanescent 

6 coupling taps can operate at much lower acoustic frequencies than diffracrion-based taps. 
7 

8 In both the diffractive, refractive and evanescent tapping schemes, an important 

9 consideration is the distance light must travel in the interaction region 94 for a significant 
proponion of it to make it out of the core 22. The goal is to get as much light to couple 
out of the core 22 and scatter to the viewer 30 in as shon an interaction region 94 as 

12 possible. The length of the interaction region 94 determines the minimum size of a pixel. 

13 The shoner the interaction length, the smaller pixel the display can use. Small pixels 

14 allow more infomiation to be put on a viewing screen of a given size. 
15 

16 The interaction length 94 depends on the index of refraction and dimensions of the core 

17 22. cladding 20, 24 and diffusing layer 26 materials, the amplitude and frequency of the 

18 acoustic energy, and the mode distribution of light propagating through the core. Since 

19 detailed analytic work has not yet been done, the exact length and efficiency of a panicular 

20 tap can only be approximated. However, based on papers published by Manhar L. Shaw, 

21 G.B. Brandt and A. 1. Gudzenko, it appears 50-70% of the light in the core can be coupled 

22 out in an interaction region 1-2 mm in length. Also based on their work, the power 

23 required to couple light out from a waveguide is estimated to be 10- 100 mW/cm2. Future 

24 improvements should reduce the minimum interaction length and power requirements of 

25 acousto-optic taps. 
26 

27 The switching speed of an acousto-optic waveguide tap is extremely fast. The rate of 

28 response is determined by the transit time of an acoustic wave propagating perpendicular, 

29 in direction 3, through the waveguide cladding and core. Since longitudinal sound waves 

30 travel through glass at approximately 3000 - 5000 meters/second, and the typical 

31 waveguide is 10 - 100 urn thick, the transit time of an acoustic wave through the 

32 waveguide core is approximately 3-30 nanoseconds. With such fast transit times, an 

33 acousto-optic tap can be expected to switch at 30-300 MHz. This switching speed is more 

34 than fast enough for use in a HDTV system. A waveguide/tap HDTV requires the fiber 

35 tap only to switch at 30.000 Hz. 
36 

37 Figure 5 shows an acoustic waveguide tap similar to the tap shown in Figure 4. 



BNSOOCID: <WO 930945QA1 I > 



wo 93/09450 



PCr/US91/08109 



-24- 

1 However in this tap, mode conversion is effected by a series of small transducers U 

2 placed along a length of waveguide 22. Each signal conductor 14 in the interaction region 

3 94 is connected to a source 10. The frequency of the source 10 can be adjusted so the 

4 acoustic wavelength generated by the piezoelectric material 16 is less than the length of the 

5 signal conductors 14. If the ratio between the (signal conductor length)/(acoustic 

6 wavelength) > 1 the acoustic energy 34 from the piezoelectric layer wUl propagate 

7 downward 3 in relatively coUimaied beams. 
8 

9 Cbllimated acoustic beams, interspersed between inactive regions 35, cause irregular 

10 indexes of refraction in the core 22. The irregular core index of refraction facilitates the 

1 1 transfer of guided light into cladding and radiant modes. The irregular core 22 index or 

12 refraction produced by spacing a series transducers along a waveguide segment enable 

13 diis tap to operate at relatively low acoustic frequencies. Low acoustic frequencies 

14 simplify the drive electronics 10 needed to control the piezoelectric layer 16. 
15 

16 It is important to comment on how different acoustic energy effects light traveUng through 

17 an c^tical waveguide. Depending on the type of piezoelectric layer, either longinulinal or 

18 shear acoustic waves can be generated. Longitudinal and shear waves have different 

19 effects on guided light at different ftequoicies. 
20 

21 For example, at low frequencies longitudinal acoustic waves mostly cause phase changes 

22 in guided light. Shear waves typically cause mode conversion. Mode conversion is 

23 piefcncd to changing die phase because phase changes typically can not tap light from a 

24 waveguide core. However, at very high frequencies, such as 500-1000 MHz, diffractive 

25 effects caused by longitudinal waves can also cause mode conversion. Therefore, 

26 depending on the frequency, both longimdinal and shear acoustic energy may be used in 

27 an acousto-optic waveguide tap. 
28 

29 Figure 6 shows an interdigitai tap which has the signal 14 and ground 15 conductors on 

30 the same side of the piezoelectric layer 16. Placing the signal 14 and ground 15 

31 conductors on top, where they are accessible, is an important aspect of the invention. 

32 Since there is an opaque layer 1 8 positioned between the viewer and the tap electrodes, it 

33 is not possible to see beyond the diffusing 26. core 22 and cladding layers 24, 20. Thus, 

34 opaque wires and control electronics can be placed direcdy on the back of the screen 

35 without affecting the screen image. 
36 

37 The ability to place opaque electronics and control wires directly on the back of the 
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1 waveguide simplifies the display manufacturing process. In particular, standard electronic 

2 components can be used instead of exotic and special purpose elements. For example, 

3 present matrix-electrode screens require transparent control electrodes. Transparent 

4 control electrodes are both expensive and prone to failure. In contrast, the acousio-optic 

5 tap electrodes can be formed with opaque conductors. Since many well characterized 

6 opaque conductors exist, the reliability of the tap manufacturing process can be increased. 
7 

8 Due to the arrangement of the interdigital electrodes in the tap shown in Figure 6, a decay 

9 in the intensity of the electric fields between the signal 14 and ground 15 conductors 

10 causes the acoustic energy 34 produced in the piezoelectric layer 16 to have a complex 

1 1 shape. This acoustic energy, in spite of its irregular shape, is still able to couple light out 

1 2 of the core via the refractive, diffracnve and evanescent mechanisms described above. 
13 

14 Figure 7 shows how light can be tapped out from large scale bending of a waveguide. 

15 Bending, or microbending, causes light to escape by tunneling and refractive effects. If 

16 the bend radius 40 is made small relative to the waveguide thickness, these effects will 

17 cause a significant fraction of the light to escape into the cladding. Once in the cladding, 

18 light is scattered 32 by the diffusing layer and made visible 30. Microbending provides 

19 yet another powerful technique for mechanically tapping light out from a waveguide. 
20 

21 Different methods can be used to effect waveguide microbending. In one approach, 

22 bending can be caused in a localized waveguide region 40 with actuators. An actuator 

23 physically displaces the waveguide enough to bend 40 and couple light out 30. The use of 

24 waveguide actuators is presently impractical because mechanisms capable of sufficiently 

25 bending a waveguide are bulky. In addition, many actuators are needed to cover a screen: 

26 making the actuator approach prohibitively expensive. 
27 

28 A traveling acoustic wave can also be used to form a moving microbending region 40. 

29 To accomplish the microbending, a high intensity traveling acoustic wave is launched at 

30 one end of a waveguide and allowed to propagate down its length. The induced 

31 microbending region 40 moves as the traveling acoustic wave propagates down the length 

32 of the waveguide. The microbending caused in this region, in turn, allows light to escape 

33 32 from the core 22 and become visible 30. Thus, a traveling acoustic wave can be used 

34 to automatically scan a length of waveguide. The traveling acoustic wave microbending 

35 method will be discussed in greater detail in the next section. 
36 

37 An entirely different type of waveguide modulator employing the electro-optic effect is 
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1 shown in Figure 8. Certain materials, in the presence of an electric field, directly change 

2 their index of refraction. Examples of electro-optic substances include LiNbOs, LiTaOs, 

3 ZnO as well as doped polymers such as PMMA or special cross-linked polymers. While 

4 the change in the index of refraction caused by "an electric field in such materials is 

5 extremely small, it is enough to make weakly guided light exit a waveguide. 
6 

7 In Figure 8 light enters the core and propagates in direction 5 through the interacuon 

8 region 94. The top cladding layer 20 is made of a low index, non-electro-opiic material. 

9 The low-index top layer strongly guides light as it propagates through the interaction 

10 region. The bottom cladding layer 42 is made of an electro-optic material whose index of 

1 1 refraction can be changed by applying an electric field. The ground conductor 48 consists 

12 of a transparent electrode 48 deposited over the diffusing layer. When a voltage difference 

13 is applied between the bottom ground conductor 48 and the top control electrode 14, an 

14 elecffic field 46 causes the electro-optic cladding layer 42 to increases its index of 

15 refraction. If the light is already weakly guiding 52 an increase in the cladding index of 

16 refraction will cause it to penetrate into the diffusing layer 32. Once in the diffiising layer 

17 light scatters 32 and passes through the transparent ground conductor 48 to the observer 

18 30. Evanescent effect couplers based on the electro-optic effect may also be built. 

19 

20 Fig. 9 shows an interdigital electro-optic waveguide modulator. The rationale for the 

2 1 interdigital electro-optic modulator is. again, to place all of the control electrodes on an 

22 exposed side of the waveguide to ease the manufacturing process- In practice, the 

23 interdigital electrodes cause an electric field 46 to penetrate through a non-electro-opric 

24 diffusing layer. The electric field causes the electro-optic cladding layer 42 to increase its 

25 index of refraction. Changes in the index of refiraction cause light to penetrate up through 

26 the cladding into the diffusing layer 32 where it is scattered. Scattered light ultimately 

27 passes back through the waveguide core 22 and bottom cladding 20 layers and can be 

28 seen by a viewer. 
29 

30 To make the previously discussed waveguides work efficiendy, many parameters must be 

31 properly adjusted. These parameters include the index of refiaction, composition and 

32 thickness of the core 22, light diffusing layer 26 and cladding layers 20, 24. In particular, 

33 it is advantages to make the difference in the index of refraction between the core 22 and 

34 the top cladding layer 20 greater than the difference between the core 22 and bottom 24 

35 cladding layer. If the top and bottom cladding layers have the same index of refraction, 

36 half the light will exit the waveguide in die interaction region 94 and be absorbed by the 

37 upper opaque absorption layer 18. 
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1 

2 Absorption of light in opaque layer 18 decreases the efficiency of the display because 

3 absorbed light can not be scattered and seen by a viewer. Different indexes of refraction 

4 between the two cladding layers will cause the top cladding layer 20 to more strongly 

5 guide light than the bottom cladding layer 22. Thus, even in the tap region 94, light will 

6 not escape through the top cladding 20 and be absorbed by the opaque absorption layer 

7 18. 
8 

9 3. Long Interaction Length Waveguide Taps 
10 

11 Turning now to Figures lOA - IOC, which show side views of three different long 

12 interaction length waveguide taps based on the electro-opiic effect. These taps may also 

13 use acousto-opnc, ihermo-optic and magneto-optic effects. It is strongly intended that 

14 long interaction length taps based on these effects be included within the scope of this 

15 discussion. 
16 

17 Figure lOA shows light 28 traveling through a waveguide core 22. The tap is controlled 

18 by a voltage difference applied between conductors 15 and 18. The elecnic field induced 

19 by the voltage difference in the tap interaction region 94 causes an electro-optic material in 

20 the waveguide to change its index of refraction. Changes in the waveguide refractive 

2 1 index force light to exit the core and enter into the supercladding 1 76. 
22 

23 Light coupled into the supercladding musi be redirected to the viewer before it can be 

24 observed. Light is typically deflected 166 by a pit formed in the supercladding. Figures 

25 lOA - IOC show three angled deflector regions 166 formed in the supercladding. Light 

26 traveling through the supercladding hits a metalized 1 66 deflector and is reflected out 30 

27 toward the viewer. 
28 

29 Figure lOB shows light 30 being deflected out through the waveguide core 22 and 

30 cladding 172 layers. As in Figure lOA, light is coupled out into the supercladding 176 in 

31 the interaction region 94. However, instead of being deflected 30 directly to the viewer, 

32 light in the supercladding 176 must first pass through the cladding 172 and core 22 layers. 
33 

34 Figure IOC shows a hybrid combination of the taps shown in Figures 10 A and lOB. 

35 Two supercladdings 176, one on either side of the core, carry light tapped out in the 

36 interaction region 94. By using two supercladdings the interaction length 94 needed to 

37 couple light out from a waveguide core 22 is decreased. Deflectors formed in the 
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1 supercladdings 166 direct light to the viewer 30. 



10 



3 The preferred core-to-supercladding coupling mechanism is based on the evanescent 

4 nansfer of lighL Guided light can interact with mateiials placed near the cladding and core 

5 via its evanescent field. Evanescent field interactions allow very slight refi-aciive index 

6 changes to switch large amounts of light out firom the core. 
7 

8 The superdadding is preferably made of a material with a higher index of refraction than 

9 the core. A high superdadding index of refraction causes light coupled into the 
superdadding to be angled away from the core. Directing light away from the core 

1 1 decreases the depth the deflector must be etched into the superdadding. Consquendy, it is 

1 2 easier to deflect light out 30 from the superdadding to the viewer. 

14 Either the cladding, core, and/or superdadding may be made of electro-optic materials. In 

15 one embodiment, only the cladding 172 is made of an electro-optic material. A vdtage 

16 difference 8 applied to the electrodes causes only the cladding to increase its index of 

17 refraction. Increasing the cladding refractive index forces guided light to interact with the 

18 superdadding 176. Light is coupled out from the core and travels through the 

1 9 superdadding until being re-directed 30 to the viewer at a deflector. 
20 

21 In a different tap embodiment, an electro-optic superdadding 176 can be made to act as 

22 pan of a non.eleciioK>pric cladding. In this configuration, the evanescent field of light in 

23 the waveguide core extends through the dadding into the superdadding. When the tap is 

24 "off, the superdadding has an index of refraction approximately equal to the cladding. 

25 In the "off state, the superdadding and dadding collectively act to guide light through the 

26 waveguide. In other words, the cladding alone is not sufficient to confine light to the core. 
27 

28 However, when the tap is switched "on" the refractive index of the electro-optic 

29 supercladding increases. This refractive index increase couples light from the waveguide 

30 core into the supercladding. Light nravels through the electro-optic supercladding until 

3 1 being deflected out 30 to a viewer, 
32 

33 Forming the supercladding out of an electro-optic material has the advantage that the core 

34 and dadding layers can be made from traditional non-electro-optic waveguide materials. 

35 Very low loss non-electro-optic materials have been developed which are capable of 

36 guiding light long distances, typically 100 meters or more, with litde attenuation. In 

37 contrast, electro-optic waveguide materials presently have optical losses in die range of 
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IdB/cm. If the core and cladding were made ot available electro-optic materials, 
attenuation of light in the waveguide would be prohibitively high. 

To reduce loss, the waveguide is designed so only a small fraction of core guided light 
extends past the cladding into the electro-optic supercladding. Most of the light in the 
waveguide travels through the non-electro-optic core and cladding. Only the small 
fraction of guided light which actually extends into the electro-optic supercladding is more 



8 highly attenuated. 
9 



There are other ways to use electro-optic materials to tap light out of optical waveguides. 
Diffractive and/or refractive effects may also be used. For example, the core can be made 
of altemating layers of electro-optic and non-electro-optic materials. (Not Shown) In the 
absence of an electric field, the electro-optic and non-electro-optic materials are chosen to 
have the same index of refraction. However, when an electric field is applied to the 
waveguide, an increase in the index of refraction in the electro-optic core layers causes an 
irregular core refractive index. Bragg diffraction effects caused by an irregular core 
refractive index force light to exit into the supercladding. 



It is possible that one supercladding deflector 166 will not be sufficient to deflect all of the 
light in the supercladding 1 76. It is imponant that the deflector remove all of the light in 
the supercladding, otherwise light will be deflected at the next supercladding deflector. 
Light leaking between supercladding deflectors distons the screen image. To prevent light 
leakage, multiple supercladding deflectors (Not Shown) may be placed close to each each 
other. Closely spaced deflectors in a deflector region 176 will insure all of the 
25 superclacUing light is removed. 
26 

Other means may be used to deflect light out of the supercladding. For example, a 
diffusing material containing small scattering centers may be placed in a deflector region 
29 166. Light interacting with the scattering centers will be re-directed out of the 
supercladding. In general, anything which scatters, absorbs, reflects, refracts or blocks 
supercladding light can be used in a deflector region 1 66. Light deflecting means based on 
lenses, pigments, and dyes may also be used. In panicular, a lens may be placed over the 
33 deflector pit to re-direct light after it has exited the supeicladdine 
34 

35 It should be mentioned that long interaction length 94 taps are relatively tolerant to 

36 manufacturing variations. The performance of long interaction length taps degrades 

37 gracefully due to their long length. As a result, small irregularities in optical materials and 
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1 the waveguide core and cladding dimensions have minimal effects on the performance of 

2 a tap. Tap interaction lengths 94 typically will vary from .1-20 cm in length. 

4 In Figures 1 OA - IOC the ground is 12 is connected to the bottom conductor 15 and the 

5 positive voltage 8, or signal, is connected to the top conductor 14, The connection of the 

6 ground 12 and voltage 8 to conductors 14 and 15 may be switched if desired. In fact, 

7 Figures 5 and 6 show layer 14 connected to ground 14 and layer 15 connected to the 

8 signals. 
9 

10 4. Staggered Taps on Multiple Waveguides 
11 

12 Figures 1 1 A - 1 IC show a schematic view of optical waveguide taps. The perspective in 

13 Figures 1 lA - 1 IC is that of a viewer looking at the front of the display screen. If light 

14 were actually flowing direction 5 and emitted from the deflectors 166 shown in Figures 

15 1 1 B and 1 1 C it would travel from the page toward the reader. 
16 

17 The small refractive index changes which can be achieved with acousto-optic, electro-optic 

1 8 and thermo-optic effects necessitate long tap interaction lengths. The total number of taps 

19 arranged along the the direction of light travel 5 determines the pixel resolution £ilong one 

20 dimension of the display. Reducing the tap interaction length increases the screen 

21 resolution. Figure llA shows a single waveguide with many shon interaction length 6 

22 laps- 
23 

24 Figures 1 IB and 1 IC show how to use multiple waveguides to achieve high screen 

25 resolutions with long interaction length taps. Figure 1 IB shows two waveguides 1 with 

26 half the width 158 of the single waveguide width 3 shown in Figure llA . The tap 

27 interaction length 94 on each waveguide is twice as long as on the single waveguide in 

28 Figure 1 1 A. By staggering the interaction 94 and deflector 166 regions on two separate 

29 waveguides the adjacent pixel spacing 162 is made equal to the short tap interaction length 

30 164 single waveguide shown in Figure 1 1 A. 
31 

32 Figure llC shows how the tap interaction length increases when four waveguides are 

33 placed side-by-side. The interaction length 94 is twice as long as it is in Figure 1 IB and 

34 four times as long as in Figure 1 1 A. Again, all of the light coupled out in the interaction 

35 region 94 is directed out of the waveguide at a deflector 1 66. 
36 

37 Many more than four parallel waveguides can be placed next to each other to achieve even 
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1 longer interaction lengths 94. For example, if each deflector spacing 162 is 2 mm. each 

2 waveguide is 100 uM wide 158, and there are 20 waveguides in a column 160, the 

3 interaction 94 and deflector 166 length on each waveguide will be 40 mm. With these 

4 specifications each pixel is 2 x 2 mm and a 500 x 500 element display can fit on a 1x1 

5 meter substrate. 
6 

7 Staggering taps on separate waveguides causes consecutive pixels oriented along the 

8 length of the waveguide to be horizontally displaced. This displacement results in adjacent 

9 picture elements having a "jagged" or "staircase'^ look. In addition, since the deflector 
10 size 166 gets smaller as more waveguides are placed next to each other, light emitted from 
11. the deflector comes from smaller and smaller size deflectors. 

12 

13 To smooth the jagged, point-like deflector appearance, lenses can be placed over the 

14 deflector pits to remove the staircase effect. These lenses will focus light from separate 

15 waveguides in a venical column so it hits the same region on a diffusing layer. A 

16 diffusing material can be positioned between the viewer and the deflectors 10, (Not 

17 Shown) 
18 

19 A diffusing material scatters deflector light and makes a large light emitting area. 

20 Consequently, instead of a small point source, the diffusing layer causes deflector light to 

21 appear as a large area source. Deflector light traveling through the diffusing layer should 

22 exit with a lambertian intensity profile. 
23 

24 Light in the diffusing layer placed over a deflector should equal the width of all the parallel 

25 waveguides 156 in the column 160. For example, in Figures 1 IB and 1 IC light emitted 

26 from deflector 166 diffusing layer should equal the column width 160. The length of 

27 emitted diffusing layer light region should equal the adjacent deflector spacing 162 or 164. 

28 Deflector light in the diffusing layer can be isolated by molding, stamping or exuruding 

29 plastic to create separate scattering regions. 
30 

3 1 5. Intensity Modulator/Tap Waveguide Segments 
32 

33 Figures 12 and 13 show two different types of intensity modulator/tap waveguide 

34 segments. An intensity modulator/tap waveguide segment serves as a basic display 

35 building element. It enables the brightness of pixels oriented along the length of a 

36 waveguide to be conveniently controlled. Many modulator/tap waveguide segments. 

37 placed next to each other, are used to cover a two-dimensional viewing area. 
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1 



Figure 12 is a segment of waveguide incorporating acousto-optic intensity modulators and 

3 taps. This waveguide segment is divided into two pans: the intensity modulator - which 

4 controls the amount of light flowing through the waveguide: and the tap - which switches 

5 intensity modulated light out of the core to the viewer at different locations along the 

6 length of the waveguide. The brightness of a pixel is controlled by the intensity modulator 

7 and its visible location by a tap. This separation of the intensity modulator from the taps 

8 is imponant when trying to control the brightness of many pixels across a large two- 

9 dimensional surface. 
10 

1 1 In practice, light originating from a source 50 is focused 52 into the waveguide core 22. 

12 Once inside the core, light propagates with little loss until is forced out in an acousto-opnc 

1 3 interaction region. If left undisturbed, bound light will exit at the end of the fiber 28. 
14 

15 The intensity of light traveling through the waveguide is first controlled by the intensity 

16 modulator 66. Light coupled out in the intensity modulator region 70 is typically blocked 

17 and is not intended to be direcdy viewed. The purpose of the intensity modulator is to 

18 regulate the amount of light reaching the taps 64 in a later section of the waveguide. 

1 9 Modulated light from the intensity modulator 66 continues through the waveguide until it 

20 reaches a tap 64 connected to a signal source 1 12. The acoustic energy at an active tap 34 

2 1 forces the remaining light to exit and become visible 68. 



->-> 



23 The opaque light blocks 100 imbedded in the diffusing layer separate pixels placed along 

24 the length of a waveguide. Light coupled out of the core 22 will typically scatter in many 

25 different directions. The scattered light will cause pixels to be poorly defined and make 

26 the screen image look fuzzy. To correct this problem and sharply define a pixel, light 

27 barriers are formed by masking and etching the diffusing layer 26. Groves formed from 

28 the etching process are filled with an optically opaque material. Light blocks 100 keep 

29 light stricdy confined to the pixel interaction region. 
30 

3 1 Figure 13 is an alternative form of waveguide intensity modulator/tap. Instead of taps 64, 

32 this technique utilizes a traveling acoustic wave 74 to cause a micro-bending region 40. 

33 Light traveling in the waveguide through the microbending region 40 is coupled out and 

34 made visible 30 by refractive and tunneling effects. As the traveling, acoustic wave- 

35 induced microbending region moves, the light intensity in the waveguide can be adjusted 

36 by the intensity modulator 66. 
37 
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1 Using a traveling acousric wave to produce a moving microbending region eliminates 
either the row or column address lines common lo most flat panel displays. Since the 
acoustic wave automatically travels away from the source 76, it can be used to scan the 

4 length of a waveguide. Using a traveling acousric wave to automatically scan the length of 

5 a waveguide eliminates either the row or column address lines. Eliminating the address 

6 lines allows semi-transparent screens, like the one shown in Figure 3, to be produced, 

7 since tap electrodes are not needed over the screen displav area. 
8 

9 Figure 13 details how the traveling acoustic wave system works. Initially, Hghi from a 
light source 56 is launched into the waveguide core 22 with a prism coupler 54. The 

1 1 prism coupler u-ansfers light into the core 22 using an evanescent field across an air gap. 

12 This light transfer method is similar to the evanescent field waveguide couplers discussed 

1 3 above. A related waveguide light coupling method might employ diffraction grarings. 
14 

15 Once bound in the waveguide, the intensity of the guided light is controlled by an intensity 

16 modulator 66. The intensity modulator 66 is similar to the acousto-optic tap shown in 

17 Figure 4, Acoustic energy 34 from a piezoelectric layer 16 passes through the waveguide 

18 cladding 20, 24 and core 22. Light coupled out from the acousio-opiic interaction 70 

19 regulates the amount of light traveling through the remainder of the core 22. Intensity 

20 modulated light is ultimately tapped out to the viewer 30 in the traveling microbending 

21 region 40. 
22 

23 To create the microbending region 40, a pulse from a signal source 6 is required. The 

24 pulse causes a high intensity acoustic wave 34 to propagate through a tapered horn 76. 

25 The horn magnifies the amplitude of the sound from the acoustic source. The interaction 

26 of the horn 78 with the waveguide causes a traveling wave lo propagate away in direction 

27 74. As the traveling wave moves, light from the traveling wave bend region 40 is 

28 scattered and made visible 30. in addition, as the traveling wave propagates, the intensity 

29 modulator 70 controls the quantity of light exiting the waveguide at die microbend region. 

30 Thus, the light intensity along a one-dimensional length of waveguide can be regulated. 
31 

32 6.Thin-Film Waveguide Display Systems 
33 

34 Figures 14 and 15 show two methods for combining intensity modulator/tap waveguide 

35 segments into a complete display system. Figure 14 shows an exploded perspecrive view 

36 of a display unlizing thin-film waveguides. In this system, light is guided by thin-film 

37 waveguides 86 deposited on a substrate 1 . 
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1 

2 The thin-film waveguide core 86 material can be deposited on the substrate using 

3 traditional sputtering, plasma polymerization, spinning and dipping techniques. 

4 Waveguide cores 86 can also be formed in the substrate itself using ion migration, proton 

5 bombardment and ion implantation. Either way, a high index region is applied to form 

6 the waveguide core elements. 
7 

8 Light is coupled imo the waveguides from a point light source 50, Preferred light sources 

9 include xenon arc and quanz halogen lamps. Light from the source 56 is focused and 

10 shaped with lenses 52 into the waveguides using an evanescent field prism coupler 54. 

1 1 Once coupled into the waveguides from this prism, light travels in direction 5 until it exits 

1 2 the ends of the waveguides 28. 
13 

14 A top cladding layer 24 is placed over the waveguides. The top cladding layer 24 acts as 

15 an optical insulator to separate the core from the diffusing layer 26. A conductive bottom 

16 ground layer 15 is placed over the diffusing layer 26. A piezoelectric layer 16 is placed 

1 7 over the ground layer 15. On the top, the row electrodes 66 modulate the intensity of light 

18 in each of the waveguides. The tap electrodes 64 couple intensity modulated light out and 

19 tnake it visible. 
20 

21 The system is controlled by integrated circuits 82 placed on the two-sided printed circuit 

22 board 80. Conductors on the bottom side of the printed circuit board 80 feed through and 

23 contact the modulator 66 and tap electrodes 64. The electronics on the printed circuit 

24 board control the amount of light exiting the waveguide in direction 3 by controlling the 

25 intensity modulators. Proper regulation of the intensity modulators and taps allow still 

26 and moving images to be formed. 
27 

28 Figure 15 shows a display based on a traveling acoustic wave-induced bending region. In 

29 this design, the traveling acoustic wave induces a bending region which propagates across 

30 the substrate. The bending caused by the traveling acoustic wave lets light out so it is 

3 1 visible. In Figure 15, light from a point source 50 is used to feed the display. Light is 

32 focused 52 and end-coupled direcriy into the waveguide cores. The waveguides 86 are 

33 thin-film and integrated 92 with a light diffusing layer 15 onto a substrate 1. The precise 

34 layering of the opdcal thin-films« diffusing layer and piezoelectric layer is similar to the 

35 intensity modulator/tap segment shown in Figure 14. 
36 

37 In operation, a traveling acousuc wave generated from the sound amplification hom 76 
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1 moves across the substrate 9. As the wave propagates, light exits 3 out to the viewer, 

2 The intensity of light in each of the waveguides is regulated by the intensity modulators 

3 66. Acoustic energy generated by the piezoelectric layer 16 passes through the ground 

4 layer 15 into the waveguides 86 and controls the amount of light in each core. In this 

5 way, as the acoustically induced bend region scans across the substrate, the intensity of 

6 light in each of the waveguides is adjusted to create a complete image. 
7 

8 7. Waveguide Ribbon 
9 

10 Thin-film optical waveguides deposited on a substrate by sputtering, spinning and dipping 

1 1 techniques have a high light attenuation rate. The best transmitance achieved to date 

12 reduces light at a rate of .01 dB/cm. For example, a thin film waveguide 100 cm long will 

13 lose 1/5 of its light. 
14 

15 Another problem with thin-film waveguides is the expensive coupling techniques required 

16 to direct light from a light source into a collection of thin-film waveguides deposited on a 

17 substrate. Both the prism and end-alignment couplers require precision optical 

18 components. These precision components are expensive and their use adds considerably 

19 to the price of the total display. Consequently, without funher improvements, thin-film 

20 technology is probabally inadequate for use in large waveguide-based display systems. 
21 

22 To address these light attenuation and coupling problems, optical waveguides formed by 

23 fiber-opuc drawing techniques can be employed instead. Opdcal fiber is made by heating 

24 and softening bulk optical material, i.e. - the preform, in a furnace. For example, silicon 

25 dioxide rods 1 inch in diameter can be stretched into a fiber 50 urn in diameter with an 

26 attenuation less than 2 dB/Km. 
27 

28 Many single fibers can be placed across a substrate to create waveguide viewing screens. 

29 However, positioning single fibers across a substrate, side-by-side, is a laborious and 

30 expensive way to form a parallel system of waveguides. In an effon to make waveguides 

31 easier to arrange on the substrate, a ribbon 130 containing multiple waveguides is 

32 introduced in Figure 14. This ribbon integrates waveguides and modulators into a single 

33 unit to guide light across die display screen. 
34 

35 In Figure 16, light from a point source 50 is focused 52 into the ribbon cores 95. Once 

36 bound in die cores 95. light propagates in parallel through each core clement 95 until it 

37 exits the the other end of the ribbon at 28. In the middle of the diagram the ribbon 
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1 segment twists 102 and changes direction 90 degrees. In the twist region 102 the ribbon 

2 bends and folds over itself, re-orienting the direction of light contained in the waveguide 

3 cores to the viewer 28. 
4 

5 Waveguide ribbon has a number of advantages over thin film and individually drawn 

6 fiber. First its size and mechanical flexibility allow it to be conveniently placed over a 

7 wide variety of differently shaped substrates. Possible shapes include the curved and 360- 

8 degree wrap-aiound screens mentioned earlier in the application. 

9 

Second, since the essential intensity modulator/tap components can be integrated onto the 

1 1 ribbon, the substrate may be made of virtually any clear material. In contrast to thin-film 

12 waveguides, which require expensive defect-free substrates, ribbon may be placed on a 

13 wide variety of different low-cost substrates. Reducing die cost of the substrate is very 

14 important as the size of the screen increases. In very large, wall-sized displays, the 

1 5 substrate makes up a significant fraction of the total display price. By economizing on the 

1 6 types of substrate that can be used, the cost of the entire panel can be loweied. 
17 

18 The third advantage to using waveguide ribbon is the possibility of automating the 

1 9 manufactuiing process. Optical ribbon can integrate waveguides, modulators and taps into 

20 a long, continuous, single-piece unit Since these elements are at the heart of the display, 

21 producing the ribbon is a major portion of the display manufacturing prxxress. In fact, 

22 once the ribbon has been fabricated, it is only necessary to lay ribbon segments on a 

23 substrate, next to each other, to form a viewing screen. The process of placing ribbon 

24 segments together is not unlike arranging wall paper to cover a wall. Each ribbon 

25 segment is aligned next to other ribbons to cover the complete viewing screen. 
26 

27 Producing waveguide ribbon with traditional furnace/drawing techniques allows the 

28 ribbon manufacmring process to be automated. In practice, a block of bulk optical 

29 material containing parallel cores is placed in a furnace where it is heated, softened and 

30 stretched out. Stretching die softened optical material causes it to become thin and 

3 1 elongated. The dimensions of the resulting ribbon should be in the range of 50 - 500 um 

32 thick and 10-lOOmm wide. Ribbon with these dimensions will be flexible, so it can be 

33 wrapped and twisted as shown in Figure 14. Hexible waveguide ribbon can be rolled 

34 onto spools for storage before applying the metal and piezoelectric layers. 
35 

36 Machines capable of depositing metal and piezoelectric materials onto optical ribbon are 

37 straightforward to built. Long lengths of waveguide ribbon tolled onto spools and placed 
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1 in such machines will auiomaiically be deposited with metal and piezoelectric layers, then 

. 2 etched to create tap and intensity modulator electrodes. Processing ribbons by rolling 

3 them onto spools is considered to be an imponant manufacturing technique introduced by 

4 this invention. 
5 

6 The fourth advantage to using ribbon is in controlling the angle of light entering the ribbon 

7 cores. Controlling the propagation mode of light in a waveguide core is essential to 

8 realizing the optimal efficiency of the display modulators and taps. Light in a high order 

9 mode is typically weakly guiding and therefore easier to make exit the waveguide at an 

10 intensity modulator or tap. Since the spacing of the cores in optical ribbon can be made 

11 very regular, the launch angle of light entering the ribbon cores may be precisely 

12 controlled. The prefeired light coupling method will be shown in the next section. 
13 

14 Figure 17 shows an enlarged cross-section slice of a waveguide ribbon. The ribbon is 

15 composed of a plurality of cores 95 surrounded by low-index cladding material 96, 98. 

16 Acoustic energy from the piezoelectric layer 16 propagates through the bottom ground 

17 conductor 104 and into the core and cladding layers. The top electrode 106 connects to an 

18 electric signal source which controls the intensity of the generated acoustic energy. 
19 

20 A light diffusing layer 131 is placed in contact with the bottom cladding layer 98 to scatter 

21 light from the cores in many different directions' Imbedded in the diffusing layer are light 

22 blocks 100. The light blocks act to separate light coupled from each individual waveguide 

23 element in the ribbon. 

- 24 

25 The opaque layer 1 8 absorbs ambient and scattered light which is directed backward into 

26 the ribbon. The opaque layer 18 increases the contrast ratio of the display by making the 

27 screen appear darker when light is not tapped out of the waveguides. A dark background 

28 also enables the screen pixels to show a greater range of different shades. The absorption 

29 layer 18 can be made of materials such as black glass, plastics, or a pigment applied 

30 directly to the top cladding layer. 
31 

32 Figures 18 and 19 show front and back views of the waveguide ribbon. The front view in 

33 Figure 18 is the light emitting side of the ribbon. Light scattered from the diffusing layer 

34 131 on this side makes its way to the viewer. Figure 17 is the back of the corresponding 

35 piece of ribbon. The back shows the control electrodes which modulate the intensity and 

36 tap light out at different positions along the length of the waveguide. 
37 
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1 Light 56 enters the waveguide cores at the bottom of the diagram. The ribbons in Figures 

2 18 and 19 each have six waveguide cores spaced in parallel next to each other. Optical 

3 insulators 100 embedded in the diffusing layer, increase the definition of the pixels. The 

4 light intensity in the waveguide cores is first controlled by the intensity modulators 147. 

5 The intensity modulators regulate the brightness of light in the waveguides before it is 

6 tapped out and displayed. Light modulated out of the intensity modulators exits the 

7 ribbons in regions 1 14, 1 16 and 1 18. 
8 

9 The remaining light travels through each of the ribbon cores until it ckus at the taps 

10 controlled by electrodes 128 and 148. Taps direct all of the remaining light in the 

1 1 waveguides out to the viewer. Depending on which tap is acdve, light from electrodes 

12 128 and 148 will leave the waveguide and be viewed at different locations. For example, 

13 if tap 128 is active, light will exit the ribbon in regions 120, 122 and 124. 
14 

15 The amount of light observed at an active tap is determined by the intensity modulators 

16 147 associated with the waveguide supplying light to that tap. For example, intensity 

17 modulators 126 are not active. As a result, no light is emitted from the visible side of the 

18 waveguide 118. However, since no light has been made to escape intensity modulator 

19 126, bound light condnues through the waveguides and exits at the tap location 122. In 

20 other words, when the modulator segments 1 18 are dark, the corresponding tap areas 122 

21 arc bright. 
22 

23 Light made to exit the waveguide at the intensity modulator region 147 reduces the 

24 quantity of light available which can exit the tap. For example, signal source 1 10 provides 

25 a large signal to one tap. The light emitted from this intensity modulator is intense 1 14. 

26 As consequence, there is little light left in the core to exit the waveguide at its 

27 corresponding tap point 120. Intermediate amounts of light can also be displayed as 

28 shown by modulator 116 and tap 124. Applying a medium-sized modulation signal 108 

29 to the intensity modulator reduces the amount of light which can be viewed at the tap 

30 location 124 controlled by signal 1 12. 
31 

32 8. Long Interaction Length Optical Waveguide Ribbon 
33 

34 Figures 20A - 20B show the front and back of a segment of optical waveguide ribbon. In 

35 Figures 20A and 20B a plurality of optical waveguides 156 carry light direction 5. Light 

36 is first tapped out by intensity modulators 191 which have an interaction length 188 

37 sufficiently long to remove all of the light oraveiing through the ribbon cores. Intensity 
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1 modulator light is directed out at deflectors 180. Light exiting the supercladding at 

- deflectors 1 80 is not intended to be directly viewed. The major function of the deflectors 

3 1 80 is to remove intensity modulator light from the supercladding. 
4 

5 The taps 182 contain a series of staggered fingers 184, each with a length 94. As shown 

6 in Figures IIB and 1 IC, a high pixel resolution is achieved by staggering many long 

7 interaction length taps side-by-side next to each other Light is deflected out of the 

8 deflectors 1 80 and travels to the viewer. Deflectors 1 80 are formed in a dark material 178 

9 to increase the screen contrast ratio. 
10 

11 A tap ground conductor 15 runs vertically along the entire tap region of the ribbon. The 

12 intensity modulator ground conductor 168 is only as long as the interaction length 188 of 

13 the intensity modulators. The taps and intensity modulators are controlled by an electric 

14 field (Not Shown) which extends through the ribbon between the control 191 and 182 and 

15 ground 15 and 168 electrodes. 
16 

17 It is important to note the arrangement of the intensity modulator bonding pads 192. 

18 r>rive electronics must be attached to thousands of individual intensity modulators in 

19 order to form screen images. However, the spacing between the intensity modulators 

20 electrodes is very small. Intensity modulators are typically spaced 20 - 200 uM apan. (To 

2 1 prevent arcing, an insulator may be placed over intensity modulator and tap electrodes.) 
22 

23 When ribbons are placed next to each other, the cumulative spacing error 196 between 

24 intensity modulators placed on separate ribbons may become quite large. These ribbon 

25 spacing errors make the connection of control electronics more difficult to accomplish. 

26 Ideally, the screen drive elecu-onics (Not Shown) are put on a single PC (printed circuit) 

27 board which is placed over all the intensity modulators on all the ribbons. Electrodes on 

28 the bottom of the PC board contact the intensity modulator electrodes in a one-to-one 

29 conrespondcnce. 
30 

31 However, if all the drive electronics are put on a single PC board, and side-by-side ribbon 

32 spacing errors are large and unpredictable, a mismatch between the PC board and intensity 

33 modulator electrodes will occur. Large bonding pads 42 minimize drive electronic 

34 connection problems by reducing intensity modulator attachment tolerances. Thus, a 

35 single PC board can be placed in contact with many intensity modulators on multiple 

36 ribbons. 
37 
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1 8. Electro-Opiic Waveguide Ribbon 
2 

3 Figures 21 A - 21B and 22A - 22B show cross sections of four different types of electro- 

4 optic optical waveguide ribbon. Figure 2 1 A, shows multiple ribbon waveguide cores 28 

5 surrounded by cladding 22. A thin cladding layer 24 is positioned between the core 28 

6 and the.supercladding 26. The core is typically 1 - 200 uM thick. Light is coupled out of 

7 the cores 28 through the thin cladding 24 into the supercladding 26. As previously 

8 mentioned, the light coupling method may use evanescent field coupling, dififraciive 

9 and/or refractive effects. 
10 

11 A light absorbing material 34 is placed on one side of the ribbon to increase the screen 

12 contrast ratio. The light absorbing material can be placed on either side of the ribbon 

13 depending on how the deflectors 10 are formed in the supercladding. For example, if the 

14 deflector is similar to the one shown in Figure lA, the light absorbing material 34 is 

15 placed on the top. If the tap is similar to the one shown in Figure 1 B, the absorbing layer 

16 34 is placed on the bottom. 
17 

18 Figure 21B is essentially the same as the ribbon in Figuie 21A, except for another 

19 supercladding 26 layer placed alongside the core elements 28. A thin cladding 24 and 

20 supercladding 26 is placed on each side of the core elements. The use of two 

21 supercladdings 26 reduces the tap interaction length 8 since guided light in the core 28 

22 interacts more strongly with both supercladdings 26. Dual deflectors like those shown in 

23 Figure IOC are formed in both supercladdings 26 to direct supercladding light out to the 

24 viewer. 
25 

26 Figures 22A and 22B show waveguides supercladding 26, cladding 24 and core 28 

27 elements which are separated from each other. Optical separation is achieved by 

28 interspacing a cladding material 25 between the individual waveguide elements 26.24 and 

29 28. In addition, optically separating 25 the supercladding 26 from the metal conductor 20 

30 reduces attenuation of guided supercladding light 
31 

32 Finally, in operation an electric field extends between the top 20 and bottom 18 

33 conductors. In order for light to be removed ftom a single waveguide die electric field 

34 between the top 20 and bottom 1 8 conductors must be confined to the width 2 of a single 

35 waveguide. Electric field confinement may be improved by forming the waveguide 

36 separation elements 25 out of a conductive or metallic mataial. 
37 
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1 10. Coupling Light Into Many Separate Ribbons 

( 



3 The efficiency of the display is greatly improved by positioning a focusing element 142 

4 between the light source 132 and the ribbon stack 136. Without a focusing element 138, 

5 light will be absorbed in the supercladding 26 and cladding 24 and very little will travel 

6 through the core 28. The focusing element insures light from the source 44 is directed 

7 into the ribbon cores 28. 



8 

9 Multiple ribbon segments must be placed next to each other, side by side, to cover a 

10 scTeen area wider than one ribbon. Directing light from a source into the cores of many 

1 1 separate ribbons, placed next to each other, is normally difficult to accomplish. The end 

12 and prism coupling techniques previously shown may be used. However, as noted, these 

1 3 methods are expensive; requiring the careful alignment of precision optical components. 

1 4 These methods become more difficult as the size of the screen increases. 
15 

16 An alternative approach to coupling light into ribbons is to stack them on top of each 

17 other. Light is more easily launched into ribbons stacked on top of one another. Stacking 

1 8 ribbons is preferred to traditional end and prism couping because it reduces the size of the 

1 9 light source 50 and focusing optics 52. 
20 

2 1 Figure 23 details how light is directed into a stack of waveguide ribbons. Light 56 from a 

22 continuous strip source 132 is tightly focused 52 into a collimated beam 133. Light 

23 sources which may be used include quartz-halogen and xenon-arc lamps. Light from 

24 halogen and xenon sources is typically ^ white" and contains a broad-specu-um of high 

25 and low wavelength light. Other potential light sources may employ pulsed and/or 

26 coherent light. 
27 

28 In the preferred embodiment, broad-spectrum white light must be filtered 140 before it 

29 enters the ribbon cores. Filtering removes potentially damaging infra-red and ultraviolet 

30 components in the white light. Light leaving the filter then passes through a focusing lens 

31 142 before it is directed into the ribbon cores 95. 
32 

33 The focusing lens 142 contains a series of small focusing elements shown here as ridges 

34 138. Each focusing element 138 serves to direct light into the the ribbon waveguide 

35 cores. The angle of the light exiting the focusing elements 1 38 determines the mode of 

36 the light propagating through the waveguide, if the angle is great, light will propagate 

37 through the core in a high order mode. Light in a high mode is more easily coupled out 
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1 via acousto-opric and electro-optic taps. The focusing elements 138 provide a precise 

2 means for determining the mode of light traveling through the ribbon cores 95. Surface 

3 Micro Integrated Lens Array's f SMILE) made by Coming is an example of a promising 

4 lens aiiay technology suitable for use in this application. 



5 



6 The small focusing elements 1 38 al.so keep the parallel beam of light 133 from hitting the 

7 ends of the cladding 18 and diffusing layers 131 where light will be absorbed. Focusing 

8 light directly into the cores keeps it from being wasted by hitting the diffusing and 

9 cladding layers. Eliminating light coupUng inefficiencies by using small focusing lens 

10 elements 138 allows smaller, less-power consuming illumination sources to be used in 

1 1 the display. 
12 

13 Focusing optics based on graded index lenses (GRIN) can also be used. GRIN lenses 

14 allow a parallel beam of light to be focused to a very small size. GRIN lenses are 

15 commonly used to focus collimated laser light into single mode telecommunications 

16 fibers. Multiple GRIN microlenses may be positioned between the source 132 and the 

1 7 ribbons 1 36 to focus light 135 into die ribbon cores 95. 
18 

1 9 To properly align the focusing lens 142, ribbons must be precisely stacked 60 on top of 

20 each another. SUght ribbon spacing irregularities make it difficult to align focused light 58 

2 1 into the ribbon stack 60 . To precisely space the ribbons apart, a spacing matwial may be 

22 positioned between individual ribbons in die stack. (Not Shown) The uniform spacing 

23 material will insure each ribbon is flat and spaced an exact distance from other ribbons in 

24 the stack. 
25 

26 A mechanical alignment system (Not Shown) can also correct source to ribbon focusing 

27 errors. Many different mechanical systems may be envisioned which align source light 

28 into the ribbon cores 95. For example, bending, compressing and dynamically adjusting 

29 the ribbon stack and focus optics may be used to insure source/core light coupline. 
30 

31 The light source 132 shown in Figure 24 is positioned to the side of the display. By 

32 bending the light path 56 widi mirrors, prisms, fiber optics and/or lenses the light souice 

33 44 can be placed in different locations. For example, light can be guided a long distance to 

34 the screen by fiber optics. Or alternatively, the light source 44 can be placed in the front of 

35 the screen and directed into the ribbons by a prism and mirrors. HexibiUty in light source 

36 placement gives the screen designer manv options to reduce and adjust die scieen size. 
37 
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1 1 1- A Ribbon-Based Display System 
2 

3 Figure 24 shows a perspective backside view of the entire display screen. The screen 

4 comprises multiple separate ribbons 1 30 that are initially stacked 1 36 on top of each other. 

5 Individual ribbons in the stack 1 36 are folded 102 and fanned out side-by-side to cover a 

6 clear window 1 46 foimed in the substrate 1 . Light from a source 1 32 is focused 52 into a 

7 coUimated beam 133, colored 134 and passed through a lens 142 focusing structure 

8 before entering 1 35 the ribbon cores 28. 



9 
10 
11 
12 



Guided light traveling direction 5 first encounters the intensity modulators 147. Intensity 
modulators control the amount of light flowing through the waveguides which reaches the 
taps 148. Light deHected out of the intensity modulators 147 is blocked by an opaque 

13 material deposited on the ribbon, or substrate 144, and is not seen by the viewer. Only 

14 when guided light reaches the taps 148 can it travel through the clear substrate window 

15 146 to the viewer . 



16 
17 
18 



Both the intensity modulators 147 and tap 148 electrodes are formed on an exposed side 
of the waveguide ribbon. Exposing the electrodes simplifies the connection of the drive 

19 electronics to the intensity modulators. Specifically, a PC boani and other opaque wiring 

20 can be placed directly on the backside of the ribbons without altering the screen 

21 appearance. 
22 

23 Ribbons are fixed to the substrate using an adhesive. Ribbons may be attached to the 

24 substrate by heat, pressure, epoxy, or light catalyzed plastic. In general, any non-visual 

25 impairing means can be used to affix ribbons to the subsn^te. A preferred adhesive is an 

26 light or heat curable plastic. The plastic is applied as a thin liquid over the substrate. 

27 Ribbons are then positioned and aligned next to each other on the substrate while the 

28 plastic is in a liquid form. The plastic, while in a liquid form, causes minimal fricrion 

29 between the ribbon and the substrate. Low friction allows ribbons to be easilly positioned 

30 and precisely aligned. When the ribbons are in the proper place, light is applied to the 

3 1 plastic, causing it to harden and fixing the ribbons to the substrate. 
32 

33 

34 Many different light sources 44 may be used to illuminate the screen. A few examples 

35 included xenon arc, quanz halogen, plasma, electroluminescent, laser and LED sources. 

36 A xenon arc source is preferred becau.se it produces a bright, small-size, light source 

37 which is easy to coUimate. Also, the broad-spectrum output of a xenon arc lamp enables 
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1 it to be used in color displays. 



3 A number of methods can be used to form color images. In general, the color emitted 

4 from the taps 37 is determined by the color of the light 58 traveling through the 

5 waveguides. Therefore, if the the light source 44 is monochromatic, the color emitted 

6 from the screen will be monochromatic. To make a color screen, different colors of light 

7 must travel through the waveguide cores 28. 
8 

9 One light coloring method relies on physically moving a coloring filter in front of a white 

10 light source. (Not Shown) In this scheme, a filter containing red, green and blue 

1 1 components is anached to a voicecoil-like device and rapidly moved in front of a white 

12 light beam. Light passing through the moving filter is colored before entering 58 the 

1 3 waveguide cores. Full color screen images are created, one frame color at a time, as the 

14 filter moves in front of the source. This technique reduces the number of needed screen 

1 5 pixels since each tap deflector emits a number of different colors in rapid succession. 
16 

17 A related light coloring method is based on rapidly strobing multiple light sources. (Not 

18 Shown) Each light source is positioned to direct a different color of light into the 

19 waveguide ribbon cores. Different colors are strobed to produce different color screen 

20 images- By strobing different color lamps in rapid succession a full color picture is 

21 generated. 
22 

23 Yet another possible light coloring method is coloring white light after it exits the 

24 deflectors. A color filter element is positioned between the ribbon, diffusing layer and 

25 substrate. (Not Shown) White light exiting the deflectors is passed through the coloring 

26 filter before reaching the viewer. 
27 

28 Initially, light 56 from a strip light source 132 is focused into a collimated beam 133. 

29 This collimated beam is then passed through a filter 140. The filter removes damaging 

30 ultraviolet and infrared light components. In addition, the filter can contain red, green and 

31 blue (RGB) stripes 156 running venically down its length. These RGB stripes allow only 

32 one color of light to enter into each of the waveguide cores contained in the ribbons. In 

33 other words, by using filters, a particular ribbon core 95 can be made to only carry one of 

34 the three primary light colors. The specific color carried by a ribbon core is chosen so 

35 RGB patterns alternate across the ribbon. Coloring light prior to its entry into the ribbon 

36 cores allows the entire panel to display color imaees. 
37 
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1 Colored light 134 from the filter 140 is passed through a focusing lens 142 and directed 

2 into the ribbon waveguide cores. The focusing lens contains numerous lens elements 

3 138. (not shown) These lens elements efficiently couple light into the ribbon cores 130, 

4 without allowing it to hit the cladding 20, 24 and diffusing 131 layers. Once in the cores, 

5 guided light travels through the bend region 102, in each ribbon, where it is redirected in 

6 direction 5. 
7 

8 The amplitude of the light contained in the ribbon cores is first modulated by the intensity 

9 modulators 147. Intensity modulators regulate the brightness of light contained in each 
ribbon core 130 independently. Intensity modulated light continues in direction 5 until it 

1 1 is made visible at one of the taps 148. Taps direct brightness controlled light out of the 

1 2 core and to the viewer in direction 3. 
13 

14 The taps shown in Figure 25 look different than the taps shown in Figure 24. The taps 

15 148 shown in Figure 24 form a staggered pixel pattern. Staggered pixels are commonly 

1 6 used in commercial color CRTs. In Figure 24 the taps are straight, running perpendicular 

17 to the diiecrion 5 of the optical waveguides. Either straight or suggered taps may be used. 
18 

19 The taps placed on each of the ribbons run as close to the edge of the ribbons 150 as 

20 possible. However, because the ribbons are formed separately, a tap on one ribbon will 

21 typically not conduct across to a tap placed on a ribbon next to it. Connecting taps on 

22 adjacent ribbons, so they conduct, eases the task of connecting the drive electronics. 

23 When taps conduct across a number of ribbons, a single tap connection made to one 

24 ribbon will control all of the corresponding taps on the rest of the ribbons across the 

25 display. Controlling a number of taps with a single connection, greatly reduces the 

26 number of needed drive wires. 
27 

28 Many methods can be used to connect taps formed on separate ribbons. These include 

29 solder re-flow, wave soldering, conductive epoxy. chemical vapor deposition, ultrasonic 

30 wire-bonding and using special tape with conductive regions running perpendicular to its 

3 1 length. Regardless of the means employed, the tap meialization between ribbons is made 

32 to conduct in the preferred embodiment of the invention. Connecting taps on adjacent 

33 ribbons reduces the number of needed tap drive wires. 
34 

35 The printed circuit board 80 contains integrated circuits 82 to drive the intensity 

36 modulators and taps on the display. Conductors feed-throught the bottom of the printed 
-^7 cirucuit board and make contact with intensity modulator and tap conductors placed on the 
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1 ribbons. The printed circuit board controls the intensity modulators and taps so still and 

2 moving images can be formed, 

3 

4 The printed circuit board 80 is shaped like a **T\ One segment 152 of the printed circuit 

5 board is placed over the intensity modulators. This segment connrols the brightness of 

6 light in each of the waveguides 95. It also contacts the ground conductors 104 which run 

7 in direction 5 under the entire length of the piezoelectric layer 16. The other segment 154 

8 of the printed circiuit board controls the taps 148. This segment directs intensity 

9 modulated light in the ribbon cores 95 to the viewer. 
10 

11 13. Materials and Manufacturing of Waveguides 
12 

13 Optical waveguides can be constructed from many different materials including silicon 

14 dioxide, glass, polysiloxane, and polymeric materials. Presently, waveguides based on 

15 plastics such as polymethyl methacrylate (PMMA), polystyrene, polyimide and 

16 polycarbonate are preferred. Plastics are important because they are easy to fonn and 

17 shape. Plastics can be extruded, rolled, laminated, stamped, pressed, spun, dipped, 

18 molded and drawn. In addition, waveguides can be formed in plastic materials by 

19 photolocking, thermo-poling, ion implantation, ion migration, etching, and machining. 
20 

21 Certain polymers also have very large electro-optic and ferroelectric properties. In fact, 

22 recentiy synthesized polymers have been reponed which have electro-optic effect as large 

23 as LiNbOs: an inorganic crystal with one of the highest electro-optic coefficients yet 

24 discovered. For example, a promising electro-optic polymeric material is discussed by 

25 LR. Hill et. al., in a September 1, 1988 Journal nf Applied Phvsicx article entitled 

26 "Demonstration of the linear electro-optic effect in a thermopoled polymer film". 
27 

28 This versatility makes plastics ideally suited as a display building material. Critical 

29 waveguide elements, such as the core and cladding, can be made of polymeric waveguide 

30 materials such as PMMA and polysterene. The active waveguide switching elements, Le, 

31 - the supercladding, can be made of new electro-optic materials. For example, the 

32 supercladding can be formed out of ihermo-poled electro-optic plastic. Thus, plastics can 

33 be used in both passive and active display elements. 
34 

35 There are many ways to fomi polymer waveguides. One method is called photolocking 

36 and was pioneered by E.A. Chandross and C.A. Pryde at Bell Laboratories. Photolocking 

37 is based on optically recording refractive-index patterns in polymer films. For example, a 
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polymer base such as PMMA and a dopant can be cast from solution in a solvent to form 
a solid. Light from a laser beam, or other light source, is then used to expose the solid 

3 dopant and base. Exposure to light causes the dopant to photopolymerize and become 
locked to the base material. The residual dopant, which was not exposed to iight, is 

5 evaporated out of the base by exposing the sample to heat. The regions where the dopant 

6 is locked to the base have a different index of refraction then the rest of the polymer. 
7 

8 Another polymer waveguide manufacturing approach is called thermo-poling. This 

9 technique is described by J.l. Thackara et. al. in Anpl Phx": I.ptt 1988. 52. page 1031 . 
In this method, electrodes are deposited on either side of a solid nonlinear or ferroelectric 

1 1 polymer. The polymer is then heated to its glass transition temperature and an electric 

12 field is applied to the electrodes in order to align the molecules in the softened polymer. 

13 The electrical ordering of the molecules causes the polymer between the electrodes to 

14 undergo a change in refractive index which follows the pattern of the electrodes. The 

15 polymer is then cooled, while maintaining the electric field. Once cooled, the electric field 

16 is removed and a permanent change in the index of refraction is "frozen" into the 

17 polymer. After thermo-poling, some polymers may be piezoelectric in addition to being 

18 electzo-optic. 
19 

20 Both photolocking and themio-poling enable plastic waveguide ribbon to be economically 

21 manufactured. For example, many parallel waveguides can be exposed in thin plastic 

22 sheets by photolocking. Figure 26A shows thin plastic film 204 being exposed to parallel 

23 beams of light 208 in order to foim parallel waveguides 212. The exposed film is then 

24 heated 196 to fix and develop the waveguides. Finally, the film is laminated between two 

25 separate lower index sheets to form cladding layers. 
26 

27 Thermo-poling, shown in Figure 26B, may also be used to make economical plastic 

28 waveguide ribbon. Instead of using light to form waveguides, the film is heated 196 and 

29 exposed to an electric field 8,12 and 214. A plastic film consisting of laminated electro- 

30 optic and non-electro-opiic plastic layers can be deposited with metal electrodes 204. 

3 1 Electrodes deposited on the laminated plastic film define waveguide regions. 
32 

33 The entire plasticyelectrode structure is then heated 196 while applying a large electric field 

34 to the electrodes. The electric field defines high index waveguide regions in the eleciro- 

35 optic polymer layers where the electrodes have been deposited. Thermo-poling allows a 

36 very large number of electro-opric waveguides to be formed in parallel. 

37 . 
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1 The film used in the thermo-poling or photolocking may be very wide 198 sheets of 

2 plastic rolled onto spools. Automatic processing machines can form large numbers of 

3 waveguides in wide plastic sheets in parallel. Only after processing is it necessary to cut 

4 waveguide sheets down to smaller ribbon sizes. 
5 

6 In fact, it may not be necessary to cut wide waveguide sheets into thin ribbons at all. If an 

7 inexpensive light source is developed which is extremely thin and long, light can be end- 

8 coupled into wide, un-cut, polymer waveguide sheets. Thus, instead of separate ribbons 

9 1 30, a single large sheet can be used to cover the display window 146. 
10 

11 Extrusion, shown in Figure 27A and 27B, is a different waveguide manufacturing 

12 technique. A quantity of material is heated so it can be drawn or pushed through an 

13 opening in a die 222. Very complicated shapes can be fomied depending on the shape of 

14 the die opening. A continuous, multi-step, polymer extrusion process may be used to 

15 fomi waveguide ribbon. 
16 

17 Traditional fiber drawing may also be used. Fiber preforms shown iri Figure 28 larger 

18 than the size of the final fiber can be heated and stretch drawn to a smaller size. Many 

19 individual preforms. Figure 29, may be heated and drawn down in parallel as shown in 

20 Figure 30. The resulting plurality of individual fibers can be combined, either before or 

2 1 after the drawing process, into a ribbon-like structure. 
22 

23 Hgure 31 shows an electrode formation process based on laser removal of metal on the 

24 ribbon. A laser beam 244 is modulated 246 and scanned across the ribbon via a rotating 

25 mirror 250 attatched to a motor 252. A ribbon is moved across the scanning beam and 

26 the metal is removed from the plastic backing. Figure 32 shows an end-cut view of the 

27 final ribbon. 
28 

29 Figure 33 shows how fibers pulled down from the fiber pulling process are attatched to 

30 the ribbon. Fibers on separate spools 263 are attatched to a plastic ribbon with electrodes 

31 formed on it. The entire stmcture is laminated between two rollers 266 to form the 

32 waveguide ribbon 268. 
33 

34 Deflectors in the waveguide supercladding can be formed by chemical etching, laser 

35 burning, ion milling, and stamping. Presentiy, the preferred deflector fabrication method 

36 is to use laser milling. Firgure 35 shows a scanning laser beam, similiar to that shown in 

37 Figure 3U which is used to form deflector pits. After the pits have been formed, metal is 
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1 evaporated on to the ribbon 276. 
2 

3 A different deflector fabrication method is hot stamping. A heated plate can be stamped 

4 or rolled against the supercladding. Protrusions in the plate form indentations in the 

5 supercladding which are subsequently coated, preferably metalized, to deflect light. Hot 

6 stamping may also prove useful in creating many parallel optical waveguides in thin 

7 plastic sheets. 
8 

9 After the pits have been metalized, excess metal is again removed with the laser based 

10 metalization removal system (Figure 37). Finally, a lens is attatched to the ribbon to focus 

1 1 light in venical columns on separate waveguides which must be aligned. Figures 39A 

12 and 39B show end and side views of the final ribbon structure. 

13 . 

14 It is obvious that many combinations of the above techniques exist. For example, a 

15 preform containing electro-optic plastic can be stretch drawn into a thin fiber. The drawn 

16 fiber can then be thermo- poled to align the electro-optic material within the fiber. Or, 

17 ribbon can be be partially extruded, then heated and stretched, in a modified fiber drawing 

18 process. Since variations on the above techniques are too numerous to describe, 

19 combinations of the mentioned manufacturing techniques should be included within the 

20 scope of this discussion. 
21 

22 14. Driving the Intensity Modulators and Taps 

23 

24 Figure 40 is a schematic of the optical waveguide display. Video information passes 

25 through the Infonnation Controller 282 and is used to drive the Tap Controller 284 and 

26 the Intensity Modulator Conu-oUer 286. The Tap Controller 284 selects a single tap row 

27 182a, 182b, 182c ... or 182z. This causes light to exit the waveguides 156 at any selected 

28 tap row 182 and travel to the viewer. The amount of light flowing through each 

29 waveguide is controlled by the intensity modulators 91 in parallel. Thus, when a 

30 particular tap row is selected, the amount of light traveling through each waveguide to the 

31 selected tap row is controlled by the intensity modulators. By rapidly cycling through all 

32 of the rows 182, and adjusting the intensity modulators 91 in parallel, complete screen 

33 images are formed. Grey scale values are created by the time duration the intensity 

34 modulators 91 are operated. 
35 

36 
37 
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1 

2 
3 
4 
5 
6 

7 RAMIFICATIONS AND CONCLUSIONS 
8 

9 While this application contains many specifics, the reader should not construe these as 

10 limitations on the scope of the invention. Rather, they are merely exemplifications of the 

1 1 preferred embodiments. Those skilled in the art will envision many other possible 

1 2 variations that are apparent given the ideas presented here. 
13 

14 All the waveguides shown in this application are either square or rectangular. Other 

15 >yaveguide profiles which have rounded comers, are circular, triangular or hexagonal may 

16 also be substituted instead. In general, a waveguide profile need only be capable of 

17 guiding light for it to be used in the disclosed display. 
18 

19 A different type of acoustic tap which uses surface acoustic waves could also be used. 

20 Surface acoustic waves propagate within several acoustic wavelengths of the top of a 

21 substrate. Consequently, surface acoustic waves concentrate a great deal of sound energy 

22 into a small region located near the surface of a material. Thus, surface waves could be 

23 paiticularly usefiil when tapping light traveling through thin-tilm optical waveguides. 
24 

25 Sound generated from a piezoelectric polymer such as Polyvinylidenefluoride (PVDF) 

26 may be launched into a plastic cladding, glass core, waveguide. An acoustic resonance 

27 can be generated in the plastic cladding which is sandwhiched between the glass core and 

28 the PVDF transducer. Cladding resonance lowers the tap drive power by reusing 

29 acoustic energy already transmitted into the waveguide, 
30 

31 Another tap approach might employ liquid crystals as a waveguide cladding layer. In 

32 practice, one side of the waveguide cladding could be formed by appljdng a thin layer of 

33 liquid ciystals. It is well knovm that liquid crystals change their index of refraction in the 

34 presence of an electric field. Electrodes placed on either side of the core, and the liquid 

35 crystal cladding layer, could be used to control the light emitted from the waveguide core. 

36 Electric signals applied to the electrodes will alter the orientation, and thus the index of 

37 refraction* of the liquid crystals in the cladding layer. These changes in the index of 
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1 refraction will allow light to exit the core and travel to the viewer. Solid polymers with 

2 second order effects based on pendant side chain groups are of considerable interest. 

3 

4 The diffusing layer could also be formed separately on the substrate. This is in contrast to 

5 integrating the diffusing layer directly onto the ribbon or fibers. Placing the diffusing 

6 layer on the substrate helps conceal shght visual imperfections caused when arranging 

7 separate ribbons or fibers next to each other. It also allows the ribbon to stay thinner, so it 

8 is easier to work with. 
9 

10 Similarly, color filters could also be deposited directly on the substrate, ribbons or fibers. 

1 1 Instead of coloring light prior to its entry in each of the waveguides, all waveguides could 

12 be made to carry white light. White light tapped out of the cores could then be colored by 

1 3 passing it through color filters on its way to a viewer, 
14 

15 Multiple illumination sources and multiple ribbons can be used to illuminate the panel. 

16 For example, by placing large numbers of ribbons side-by-side extremely large screens 

17 can be made. Multiple light sources will be required to supply large numbers of 

1 8 waveguide ribbons. 
19 

20 Some illumination sources may produce excess heat which can damage screen 

21 components. For example, a plastic ribbon will easily melt if placed too close to an arc 

22 lamp. A means must be provided to control excess heat generated from the light source. 

23 For example a fan, liquid radiator, semiconductor and/or passive convection cooling 

24 system may be added to regulate screen temperatures. 
25 

26 The electronic control systems needed to control the many intensity modulators and taps 

27 have not been specified. Obviously, many different types of well-known electronic 

28 components and circuits can be used to control the intensity modulators and taps. For 

29 example, in the case of electro-optic taps, a high voltage DC signal may need to be applied 

30 to the conductors. Or in the case of acousto-optic Bragg diffraction taps, high frequency 

3 1 signals will need to be applied. It may also be necessary to place memory on the screen to 

32 buffer and store a full frame image. Furthermore, special circuits may be required to 

33 provide power to the light source and drive electronics. The circuits which apply and co- 

34 ordinate electrical signals to form screen images are clearly implied by what has been 

35 shown and should be included within the scope of the invention. 
36 

37 Due to manufacturing iiregulariues, individual ribbon waveguides 1 will attenuate light at 
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1 different rates. Irregular waveguide losses can cause the screen image to have an uneven 

2 brightness across the surface of the screen. Thus, it may be necessary to electronically 

3 adjust the amount of light flowing through each waveguide individually to make a screen 

4 image with uniform brightness. 
5 

6 Lastly, the substrate itself might also be made extremely thin and flexible. A thin, 

7 flexible, substrate will allow the screen to rolled up. This enables the display to be stored 

8 in a small space when it is not being used. It might also be necessary to place a 

9 conductive envelope around the entire substrate to protect the environment from the 

10 emission of radio frequency electro-magnetic signals caused by driving the intensity 

1 1 modulators and taps. 
12 

13 An acousnc speaker can be placed behind the screen to generate audible sound. Sound 

14 from a speaker mounted directly behind the screen can propagate to the viewer 

15 unencumbered through a very thin optical waveguide screen. Placing the speaker behind 

16 the display will give the viewer the impression that sound is coming from pictures and 

1 7 images shown on the screen. 
18 

19 Although the invention is described principally as a method to display images, some 

20 individual techniques which form part of the invention have novelty of their own. In 

21 particular, the long interaction length waveguide taps and deflectors are believed to be 

22 contributions quite different from the prior art. Fibers using this configuration may find 

23 use in commercial telecommunication systems. Also, the concept of making a special 

24 electro-optic fiber which is capable of switching itself, is believed to be a new idea. 
25 

26 While the invention has been described with reference to a preferred embodiment thereof, 

27 it will be appreciated by those of ordinary skill in the art that changes can be made to the 

28 structure and function of the pans without departing from the spirit and scope of the basic 

29 invention. Accordingly, the reader should help determine the scope of the invention by 

30 the appended claims and their legal equivalents, and not solely by the examples which 

31 have been given. 
32 

33 
34 
35 
36 
37 
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1 CLAIMS 

2 

3 What is claimed is: 

4 

5 1. A display system comprising: 

6 a plurality of optical waveguides, 

7 a light source positioned to supply light to said plurality of optical waveguides, 

8 and an acoustic light exiting means for causing some of the light traveling through 

9 said plurality of optical waveguides to exit selectively so the light can be viewed at selected 
10 locations oriented along the lengths of the waveguides in said plurality of waveguides. 

11 

12 2. The display system as claimed in claim 1 in which said acoustic light exiting means is 

1 3 an optically diffiractive, refractive or evanescent device. 
14 

15 3. The display system as claimed in claim 1 in which said plurality of optical waveguides 

16 have a ribbon-like form. 
17 

18 4. The display system as claimed in claim 1 in which said acoustic light exiting means is a 

19 device which propagates an acoustic wave along the orientation of light flow through said 

20 plurality of optical waveguides. 

21 , 

22 5. The display system as claimed in claim 1 in which said acoustic light exiting means is a 

23 device which propagates acoustic energy perpindicular to the direction of light flow 

24 through said plurality of optical waveguides. 
25 

26 6. The display system as claimed in claim 1 in which said acoustic light exiting means 

27 comprises a piezoelectric material 
28 

29 7. The display system as claimed in claim 1 in which light from said acoustic light exiting 

30 means is redirected by an optical material placed in close proximity to the waveguides in 

3 1 said plurality of optical waveguides. 
32 

33 8. A display system comprising: 

34 a plurality of optical waveguides, 

35 a light source positioned to supply light to said plurality of optical waveguides, 

36 a controllable light exiting means for causing some of the light traveling through 

37 said plurality of optical waveguides to exit selectively so said light can be viewed at 
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1 selected different locanons oriented along the lengths of the waveguides, 

2 said plurality of optical waveguides having a ribbon-like structure. 

4 9, The display system as claimed in claim 8 in which a plurality of said ribbon-like optical 

5 waveguides are stacked on top of each other. 
6 

7 10. A display system as claimed in claim 9 in which said plurality of said ribbon-like 

8 optical waveguides are separated from said plurality and positioned in a side-by-side 

9 relationship. 
10 

11 11. The display system as claimed in claim 8 in which the light from said light source is 

12 precisely directed into the waveguide cores in said ribbon-like stracture by a light directing 

13 means. 
14 

15 12. A display system as claimed in claim 1 1 in which said light directing means 

16 comprises a plurality of lenses. 
17 

18 13. A display system as claimed in claim 12 in which said plurality of lenses are formed 

19 in a continuous optical material. 
20 

21 14. A display system comprising: 

22 a plurality of optical waveguides, 

23 a light source for supplying light to said plurali^ of optical waveguides, 

24 a controllable light exiting means for causing some of the light traveling through 

25 said plurality of optical waveguides to exit selectively so the selected light can be viewed at 

26 many selected different locations oriented along the lengths of the individual waveguides 

27 in said plurality of optical waveguides, 

28 and a visible light absorbing material layer placed in proximity to said plurality of 

29 optical waveguides in order to darken and improve the appearance of images formed by 

30 said plurality of optical waveguides and said controllable light exiting means. 
31 

32 15. The display system as claimed in claim 14 in which said controllable light exiting 

33 means is an electio-optic, acousto-optic, thermo-optic or magneto-optic device. 
34 

35 16. The display system as claimed in claim 14 in which said controllable light exiting 

36 means is an optically dif&active, refractive or evanescent field coupling device. 
37 
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1 17. The display system as claimed in claim 14 in which said plurality of optical 

2 waveguides are placed between the observer and said visible light absorbing material. 

3 

4 18. The display system as claimed in claim 14 in which said visible light absorbing 

5 material is placed between the individual waveguides in said plurality of optical 

6 waveguides. 

7 

8 19. The display system as claimed in claim 14 in which said visible light absorbing 

9 material is placed between said plurality of optical waveguides and the observer. 
10 

11 20. The display system as claimed in claim 19 in which said visible light absorbing 

12 material completely absorbs all of the light from said contn^Uable light exidng means. 
13 

14 21. The display system system as claimed in claim 19 in which said visible light 

15 absorbing material keeps light from said light exiting means in a well defined region 

1 6 located near said optical waveguides. 
17 

18 . 22. A display system comprising: 

1 9 a plurality of optical waveguides, 

20 a light source for supplying broad-spectrum light to said plurality of optical 

21 waveguides, 

22 a controllable light exiting means for causing some of the light traveling through 

23 said plurality of optical waveguides to exit selectively so said light can convenientiy be 

24 viewed at selected locations along the lengdis of the waveguides, 

25 and a filter means for making said broad-spectrum light colored for use in 

26 conjunction with said plurality of optical waveguides and said controllable light exiting 

27 means. 
28 

29 23. The display system as claimed in claim 22 in which said filter means colors light 

30 before it enters said plurality of optical waveguides. 
31 

32 24. The display system as claimed in claim 22 in which said filter means colors light after 

33 it exits said plurality of optical waveguides from said controllable light exiting means. 
34 

35 25. An optical waveguide display switching element comprising: (reflector) 

36 a fu3t elongated transparent optical material, 

37 a second elongated optical material. 
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1 said first and said second optical materials positioned alongside each other, 

2 a light source positioned to supply light to said first optical material that will travel 

3 along the orientation of elongadon of said first optical material, 

4 a means for causing some of said light traveling through said first optical material to 

5 exit selectively into said second optical material so said light can be observed by a viewer, 

6 a means of altering the path taken by light ffaveling through said second optical 

7 material, 

8 said path altering means consisting of a plurality of abrupt discontinuities formed in 

9 said second optical ma^rial. 
10 

1 1 26. The display system as claimed in claim 25 in which said abrupt discontinuities 

12 comprise indentations formed in at least one part of the surface of said second optical 

13 material. 
14 

15 27. The display system as claimed in claim 26 in which said indentations are covered with 

16 a light reflective material. 
17 

1 8 28. The display system as claimed in claim 26 in which said indentations are re-filled with 

19 a light diffusing or scattering material. 
20 

21 29. The display system as claimed in claim 25 in which said first optical material 

22 comprises an optical waveguide. 
23 

24 30. The display system as claimed in claim 25 in which said second optical material 

25 guides light from said first optical material a long distance before reaching said abrupt 

26 discontinuity. 
27 

28 31. The display system as claimed in claim 25 in which said selective light exiting means 

29 is an electro-optic^ acousto-optic, magneto-optic, or thermo-optic device. 
30 

31 32. A display system comprising: (Staggered) 

32 a plurality of parallel optical waveguides, 

33 a plurality of controllable light emitting regions of approximately uniform size and 

34 shape which are spaced apart along the length of each individual waveguide in said 

35 plurality of optical waveguides, 

36 said controllable light emitting regions offset a distance oriented along the direction of 

37 light travel through said plurality of waveguides such that the light emitting regions 
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1 associated with adjacent waveguides are not placed directly next to each odier. 



4 



33. The display system as claimed in claim 32 in which said controllable light emitting 
regions are approximately the size of the core diameter of the individual waveguides in 
5 said plurality of waveguides. 
6 

7 34. The display system as claimed in claim 33 in which said controllable light emitting 

8 regions are placed relatively far apan along the length of the waveguides when compared 

9 with the size of said controllable light emitting regions. 
10 

1 1 35. The display system as claimed in claim 32 in which said controllable light emitting 
regions are acousto-optic, electro-optic, thermo-optic or magneto-optic devices. 



12 
13 
14 



27 
28 
29 



37. The display system as claimed in claim 32 in which light from said light source is 
directed in© the cores of said plurality of waveguides with at least one graded index lens. 



36. The display system as claimed in claim 32 in which light from said controllable light 

1 5 emitting regions is passed through a light diffusing material. 
16 

17 
18 
19 

20 38. A display system comprising: (Polymer) 

2 1 a plurality of optical waveguides, 

22 a light source positioned to supply light to said plurality of opdcal waveguides, 

23 and a controllable light exiting means made of a solid, ferroelectric or nonlinear. 

24 polymer material which causes some of the light raveling through said plurality of optical 

25 waveguides to exit selectively so said light can be viewed at selected different iocarions 

26 oriented along the lengths of the waveguides. 



39. The display system as claimed in claim 38 in which either the cladding, core, or 
supercladding in said plurality of optical waveguides is made from said ferroelectric or 
30 nonlinear polymer material. 

31 

32 40. The display system as claimed in claim 38 in which light is emitted from said 

33 controllable light exiting means by exposing said ferroelectric or nonlinear polymer 

34 material to an electric field. 
35 

36 4 1 . A display system comprising: (Connection ) 

37 a plurality of regularly spaced parallel optical waveguides. 
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1 a plurality of separate electrodes which control the amount of light flowing through 

2 said plurality of optical waveguides, 

3 each individual electrode in said plurality of separate electrodes configured to only 

4 control the amount of light flowing through a single waveguide in said plurality of optical 

5 waveguides, 

6 said plurality of separate electrode elements shaped so the electrode extends a distance 

7 n(»mal to the direction of light flow through said plurality of optical waveguides, 

8 said electrode distance exceeding the closest distance separating two adjacent parallel 

9 waveguides in said plurality of regularly spaced optical waveguides. 
10 

11 42. The display as claimed in claim 41 in which said electrodes are opaque. 
12 

13 43. The display as claimed in claim 42 in which said elecoodes are transparenL 
14 

15 44. An optical waveguicfe manufacturing method comprising: 

16 A method for producing a pluraliQf of parallel opncal waveguides for use in optical 

17 waveguide display systems, 

1 8 said method comprising a extrusion, thomo-poling, or phou>locking processing step. 
19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 
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